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Abstract

The enhanced version of the Decision Analysis Support System

(DABS) is a highly interactive oomputer-sided deoision analysts tool. It

* ntomates the method for determining preferences when multiple and

ompeting attributes are involved. Worth assessment ig used as %As model

whisk evaluates & deterministio hierarchioal tree struoture. a'lthough

risk ean be evaluated by inoorporating risk into the tree or by

eonduoting sensitivity analyses.

The objotive of this work was to incorporate the DABS
-p

(originally developed by Bruce V. Morlan) onto a microcomputer using

PASCAL. The second objective was to exploit the color graphics

capability on the miorocomputer system for both Input and output

displays. The final objective was to add capability to the DABS by

*. adding additional sensitivity analysis nodules.

All objectivee were net in this work. Additional exploitation of

the ocaputer graphics, as well as some pro-processing of the tree

structure are are4s suggested for frrtner exploration.
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ENHANCED DECISION ANALYSIS SUPPORT SYSTEM

:. I. 3acarpund

We. as human beings, are faced with many decisions Iram the pine we

awake In -he morning until We sleep at night. Plany decisions are trivial

in nature, such as which shirt to wear, or which route to take to work.

Others are ore oomplex; such as which nest lob to take or what type of
I,

house to buy.

- Itstrapolating from the personal to the corporAte, decisions have to

S- be made by individuals ooncerning a military service or a nationcl

government. Decisions such as whether or not to buy the 11 missile

system or whether or not to develop nuclear power arm comples both in

the number of and the variability of the factors in the decision. Such

decisions can be made entirely on an ad hoc, seat of the pants basis,

although decisions so based could be radically incorrect. Thus decision

makers are seeking methods and techniques which enables them to reduce

the uncertatnt7 in their decisicns as well as providing a comfoitable

struoture to wirk In. One technique is decision analysis.



Decision Analysis

" ~ -Decision analysis has been available as a tool for decision makers

for about I0 years (Ref 1:4). Decision analysis Is defined as:

a . quantitative method which permits the systematie

evaluation of the costs or benefits accruing to courses
of actions that might be taken in a decision problem.
It entails identification of the alternative cholses
Involved, the assignment of values (ccetslbonofits) of

possible outcomes, and the expression of the
probability of these outcomes being realised.0

Decision analysis looks at a particular way a problem can be decomposed

into identifiable elements, and systematically evaluates the elements in

order for the decision make: to clearly understand the prob:em and to

actively pursue a solution (Ref l0:vil).

In using decision analysis as a tool for decision making, a

particular paradigm is developed for the problem. Credit for the

paradigm, itself, is generally attributed to A. D. Hall of the Bell

Telephone System, and consists of seven steps: problem definition, valu.

system design, system synthesis, system analysis, optimization, decision

making and planning for action.

In the problem definition, a general statement of the current

situation is defined as is the future situation after decision

implementation. In addition, the scope of the problem is esanined with

regard to the stakeholders, their specific needs. major constraints and

to
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societal fotors. The problem Is then partiticned Inte relevant

elements. These elements most be relevant to the stekeholders, that i

the deciuion maker as well as these who furd the proteot. Vhon the

problem is thus defined, to. valse system design to Initiated.

In the values system design, the ob).otives and measures for the

' objectives ere developed. Theee objeotivo are organised Into a

MAIN GOAL

IT LEVEL IST LEVEL IST LEVEL

SUB-COAL SUB-COAL SUll-GOAL

21D LEVEL 2ND LEVEL

SUB-COAL SUSCtL

- Figure 1 ObJecttve Tree

hierarchical structure or objective tree with the main goal stop and

supporting goali as varlo,,s branches (Figure I).

0 Going down the objeotlye tree answers the question of how the main

goal is to be accomplished. Going up the objective tree answers the

question ot wty a particular goal needs to be net. Going laterally

through the troe for the sane level sub-goal determinees what needs to be

S m
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acuomplished to fulfill the test higher goal.

The remainiag steps use various decision analysis t. iques to
-7.'

arrive at a decision and then to implement the decision. One technique

that is used tot multiple objectivee. which &&I not easily relate to

specific oattetia and may also be conflicting, is Multiple Criteria

Dcision Theory (MCDT). Multiple criteria deicison theory is further

divided into a Multiple Attribute Utility Theory (HAUT) and Multiple

Objeotive Optialsation Theory (MOOT). Selection of MAUT or MOOT depends

primarily on the nature of the problem, policies, and atttibutee.

Multiple Attribute Utility Theory is defined as:

"A type of decision theory; requires the analyst to

elicit prefttence information concerning the attributes

of proposed alternative policy of the decision naker;

ut;l1sing the decision makers' preferences, the analyst

forms a scalar choice function (SCF). The SCF is used

to evaluate the outcomes of the alternatives, score,

and subsequently rank the xlternatlve policies for the

decision making step.* (Ref 3)

- . The advantage of HAUT is thot the result provides a complete

ranking of the alternativesi however, disadvantaqe include subleotiv;ty

in establishing the scalar choice function and the time required for

i.mimlentatLon.

*' Multiple Objective Optimization Theory is defined as:

"An oplima ation Method for enumeratinq 'optimal'

4



solutions for alternative acts which estremise a

sector of performance indices. The purpose is to
generate a non-dominated solution set we sall

pareto optimal which represents 'efficient'
allocation of resouroes.0 (Ref 3)

The advantage at MOOT is that the only sooting functions with respect to

performanoe indioes at-e nocessary. This results in some tine saving over

MAUT. However, HOOT only pr ides a partial or Incomplete tanking of

alternatives.

roousing our attention to MAUT, we find that MAUT is further

divided into two areas: certainty and risk. Under certainty. weights and

values of the attributes are determined esactly. This form of the

problem represents an easily Solvable, closed form solution using the

• . - various decision tree techniques such as worth assessment.

" - Risk Involves getting the decision maker's attitudes towards risk

. and establishing the values of attributes and alternatives; however, in
.4

this case, each value has an associated uncertainty factor. Solutions to

this problem are much more couples, although they cone much closer to

reposnting the real world. Solutions often incorporate utilty

functions to measure the risk adverseness or proneness of a given

decision maker to determine alternative tanking.

Current Activities in Decision Analysis

Decision analysis is slowly being accepted by the industrial and

- igovernmental community. Decision Support Systens (DSS) defined an:

&4
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O...1 computer-based system (say. a data base
management system or a set of financial models)
which is used personally on an ongoing basis by
managers and their Immediate staffs in direct
support of managerial activities -- that is,
deoisions." (Ref 9:l?)

have been growing both in the aoademic as well as industrial stators.

DSS are primarily designed to aid in decision making and decision

Implementation. Further, S focuses on the support of decision making

and decision analysis rather than on the system of information flow and

. reports (Ref 11:16-3). Emphasis Is placed on integrating the deoision

maker into the process of decision analysis. A model of the 0SS system

is shown in Figure 2.

Using the computer as a bookkeeper and display generator, the

decision maker can determine the results of a particular decision or

decisions. The objective of DSS Is to provide the decision maker a very

complete and flexible model which can be accessed from a terminal with

out knowledge of programming or computers (Ref 11:38).

In order to meet the DSS objective many techniques using decision

analysis methods are incorporated into the nodal base. As stated

earlier, decision analysis methods break down a large problem into

identifiable, smaller, more manaqable elements which car be dealt with

on an individual basis. This decomposability coupled with the stru,,tured

nature of decision analysis makes computerization of decision analysis



techniques highly attractive.

DATA BASS MODEL BASE

FINANCE STRATEGIC

PRODUCTION other DATA MODEL TACTICAL
material BASE BASE

MARKETING MONT ?KGMT OPERATIONAL
SYSTEMS SYS

PERSONEL external MODEL BUILDING
data BLOCKS &SUBROUTINES

0TH EX

USER INTERFACE*
DECISION MAKER

Figure 2 Decision Support Systems (4At 18:64)

Recent work done by Decisions and Designs, Itno (DDI) for thi

Defense Advanced Research Protcots Agency had demonstrated on-lint

real-time decision analysis models which could (I) perform

hierarchically based probability assessments, (2) perform

multi-attribute, linear additive value function analysis, and (3) work

with standard decision tree structures (Ref 14:8). However, these

d
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techniques were limited by the language that was used UAPL). the

documentation of the programs, and the size of the problem that could be

vnalysed (Ref 14:9). Thus a program package was desired which would

;rovids a real-time, user oriented decision analysis system without the

;aitations encountered In the 001 work.

Current Research in Real-Time Decision Analysis Systeof

A program package was developed by Captain Bruce V. Merlan a$ a

Rasters Thesis for the A~r Force Institute of Technology. Known as the

Decision Analysis Support System (DASS). The objectives of his thesis

were to create a program wNich could:

1) be used interaotively in non-specif-io heorarchloal
decision analysis

2) provide sensitivity analysis which could be used in an
- interactive dialog

n) demonstrate some display formats which could be used
to get information to the user

4) act as a foundation upon which to build a decision
analysis package

5) demonstrate tose of the algorthms which can be used for

manipulating hierarchical information

6) be documented sufficiently for other prospective users-
to implement and modify (Rtf 14:4)

In addition to the above objectives, another co-obJective was to

demonstrate the program for use on a small microcomputer (Apple 11).

licooomputers have the advantage of being highly portable and very low



in cost. Another advantage of mlorocomputers, and in pacticulat the

Apple It. Is that the system i capable of color graphic$ which old

greatly enhance the utility of Jisplays. This capability I not readily

available on latger machines exept at very high cost. Unfortunately.

due to unforesable delays in the microcomputer acquisition, the bulk of

the objeotives were aot using the Air Force Institute of Technology's

-" CDC 4600 system using FORTRAN. However, a progrm was written for the

Apple II, using Applesoft I1 BASIC to demonstrate feasibility. and many

FORTRAN DABS optionq were Included (including sensitivity). Many

suggested improvements to DABS were suggested by Captain Mcrlan for the

microcomputer system. One was incorporating color graphics to the Apple

system through computer structuring (the current verrion was limited due

to memory restrictions of graphics using Applesoft II BASIC).

Introduction of graphics for displays and interactions would enhance the

decision maker's interface with the DABS (Ref IS:66).

Another area of improvement for the mictVocoputeT syse m to in the

area of language. BASIC was selected in the demonstration for the Apple

II primarily for convenience and language availability. However, the

language suffers from not being very transferable t4 other systems.

Sine 197?, new standardized complier languages have been made available

for microcomputers, primarily USCO Pascal. Such a language has two

advantages (1) being a compiler, the actual executable progran can be

run with a smaller memory, and (2) the language is standardited In the

industry.

# .



P Motivation for Continued Rtseareh

~ Decision analysis requires tools that are flexible, adaptable. and

easy to use (Ref 9:116). The flexibility and adaptability of the tool is

of ten Rot measured in terms of the ease In creating the original

structure. but rather in the ease of modification to that struoture.

primarily in the area of sensitivity analysis (Raf 12:113).

In addition, as stated earlier, the incorporation of graphical

representations of decision analysis techniques greatly enhances the

* understanding of the impact of decisions on the pir.blen structure. Also

uthe understanding of the uncertainty of the attributes is enhanced.

The use of microcomputers can be~ of great service to decision

* analysis due to their low cost aid graphics capability. In addition.

. they &to highly portable and not dependent on larger machines for

operation.

10
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II The Model and Area of Potential Applications

This section will introduce the model that the Deoision Analysis

Support System (DABS) supports and the procedure that should be used in

order to implement the DABS model.

The Model - Worth Ass!ssmen

The DASS models worth assessment which was Introduced by J. I.

Miller Ill in 1967 as a method for determining preferenoe when multiple

and competing attributes are involved (Rf 10). The tern worth can be

- equated to other terns such as value or utility, or any other words

S.which have a definition of *. . . measure of the desirability of a thing

S. ." (Rof 4:161). Vorth is not % fixed value, but varies acoording to

individual preferences. Thus worth ascribed by one individual may be

quite different from the worth defined by a different individual.

* Worth assessment deocomposes the problem into an hierarchical tree

structure of objectives and sub-obsectivos. The "root" or top-nost node

in the structure represents the main objective against which alternative

solutions are evaluated. Vithin the tree structure, sub-obJectives or

* goals are defined to meet the next higher objective, eventually leading

to the main goal At-the lowest levels of a given branch of the tree

resides the speoific oriteria or attributes which are either measured or

directly assigned.

An example of such an hierarchical tree stguoture is shown inU

b*

d.
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Figure 4. The overall objeotive of a theatre air commander In to

maintain control of enemy ground movement through the use of air power.

The "rooto Rode had three subgoals to aid in achieving the main

objetive and these, In turn. had sub-objsotives. In this filut@, the

lowest sub-geses were further broken down into greater detail until the

nodes were capabo of being measured according to the section whioh

follows.

Releveat features of problems whioh use worth assessment are:

I There are multiple objeotives and assessment gub-objeotives

to be oonsidered and arranged in some organized form.

2) There are multiple factors whose attributes must be

predicted.

3) There are multiple worth connections between the sub-

oblectives and the attributes.

4) There is physical interaction among the attributes.

5) There is often worth interdependence among the sub-objectives.
(Rof 4:355)

At this point, it should be clear that this model only evaluates

deterministic problems where the probability of the attribute or

consequences occuring (or the value being true) is unity. No mechanism

inherently teists for lncluding the decision maker's attitude towards

risk (Ref 16:355). However, several authors have implemented sohemes in

which uncertainty is f(oeored into the weighting structure of the tree

(Ref 4:170-1) or have created new criteria relating to risk itself.

12
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Applying the Mlods

In applying the model, Farris & Sage suggest six steps (Ref

4:1143-1169). The DABS can be used to assist the decision maker in steps

two. four, five, and Sig.

(1) List the overall #erformanoe objectives. The list should only

contain those factors which are soot lmportant to the problem at hand.

Such objectires ean be obtained through many approaches (MacCrimmon -

19i9). Approaches Include examination of relevant literature, analytical

study, and empirioal empiricism. Ecamination of the literature can

possibly reveal previous encounters with a similar problem. Analytioal

study inoludes buildir.: a model of the system where variables of the

problem can emerge. Empirical empiricism means to capuro the "thought

process" of people making similar decisions. Another method, which is

gaining use in government and in private industry Is to use a "panel of

eports" to obtain the various lists of objectives (Ref 10:33).

(21) Construct a hierarchy of perfornanoe criteria. Based o the

objectives enumerated in step one, dete:uine which objectives are

superior to, equal to, or subordinate to other objectives. The resulting

t** structure will be developed with. the overall goal or objective at

the top of the subordinate objectives branol:ing below. While

constructing the tree, additional sub-objectives or criteria may be

unoovered and added. Miller points oat the purpose is to explicitly

14



state what is Intended by or included by a particular objeotive (Ret

13:3). The result of this is to provide a view or pictoral map of the

problem showing the interactions and relaticnships among the

sub-objeotives.

OkSS can pcovia assistance by providing graphical representation

of the decision tree (using a wiring diagram format). lbs decision maker

can add cc delete sub-objeotives at will In order to achievo thq dejired

tree structure.

(3) Select appropriate physical performance seasures. In creating

the tree structure, the decision maker will have a lowesit-set of

sub-objeolives (also known as attributes or data nodes). These

attirbutes should. as a group, have several properties. Attributes

should be complete, operational, decomposable, non-redundant, and

* minimum asz (Ref 10:50-52,14:16-17). In addition, these attributes

should be able to have soup-physical characteristic assigned to them. In

order to determine the appropriateness of a measure, Sage suggests that

if changes In the state of the measure brings significant changes In the

extent o: goal satisfaction then the measure is appropriate (Ref

16:356).

(4) Define the relationship between attributes and physical

performance **asures, that Is, deal with the storing problem. The

previous step dealt with the esistenos of attribu'es and not with the

Is
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particular values. Sooring functions must be established to transform

the physical characteristio into a worth value. Killer uses a got of

seuon oonventions that oan be useful in establishing worth value

functions (Ref 13:44-44). Note that this transformation is only done

among the attributes and not the sub-objectives. This is because

* sub-objeotives are related to the attributes or lower objectives and

• .their values will be based on the contribution of the lower level

objectives and attributes.

There are many scoring procedures that can be used to establish the

worth scores (Rev 13:14?-117). The DASS was designed to only use the

resulting worth soores (measured from 0 to 100 as opposed to Miller's

scale of S to 1) as Inputs to the tree attributes.

iS) Establish relative Importance within the suboriteris set. Vhen

the tree was originally established in step 2 of this procedure, many

- objectives were divided Into immediate sub-objectives all contributing

. to the higher (or parent) objective. The problem now is to decide how

much each sub-obective (or child) contributes to the parent objective.

The resulting weights ( a mesute of relative importance) are assigned

- to each tet of children such that the vum of the weights are unity. One

method In assigning weights to to rank a particular sot of children (Ref

16:357-351). Assign a temporary value of one to the most important

ohild. Then estimate how much less important the nest sub-objective Is.

For esample, if the next sub-ob!octive Is three-fourths as Important as

.I'
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the most important sub-objective, then assign the temporary value of

1.75 to it. Then rate the third child against the second. If the third

child is one-half as important as tOe secoad. the the third child is

0.375 as important to the first and the temporary value .0.275 is

_assigned to the third child. The process continues until the lost child

is evaluated. At that time, all the weights are then resealed such that

their son is unity. If we let bhp) be the temporary weight of the most

important child (of p children), the normalised weight of any child I

will be:

Normalised Veight
bill + b(2) + blp)

The DABS provides the user the capability to enter the importance

of one node relative to the mos important and autonaticaliy normallsos

the entered weights. The prcgras also allows the user to modify these

weights for a given structure at will.

(6) Adjust the welghts to reflect contidenoc in the performance

measures. After the weights and values have been established in the

proceeding steps a cumulative weight can be established for each nde by

multiplying the weights of itself and all its patent, This cumulative

w ight reflects the node's contribution to the entire tree structure. By

multiplying the worth scores for each attribute by its cuulative weight

17
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I - and then summing the reseltiing produots of &ll the attributes, a total

worth sos.re tot a given alternative can be established.

As with all systems, all figures or values carry a certain dog:..

of uncertainty. One method to deal with uncertainty Is to adjust the

I-I

cumulative weights of the attributes by a factor whose value in betwee

set. (no coefidenoe) to one oertainty). The oumulative weights are then

ro-normalLsed and the resultant now weights are then used In evaluating

alternatives (Ref 16:351).

ADT$S use sensitivity analysis to-deal with uncertainty. An

advantage of sensitivity analysis over adjustments Is that a particular

sub-obiective or atribute taking on a range of vaiues can be examined

to ti If the alternative tanking of ths overall objective changes. A

disadvantage is that only one objectivt or attribute can be examined at

a time.

ItI
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Ill. Implementation

=S

The main thrust of this thesis was to combine three different

* technologies to demonstrate both the feasibility and practtoality of

employing the DASS. These technologies were microcomputers, computer

graphios and sensitivity analysis. In this section, discussion will

center about each technical area discussing both the oblective and the

method used to reach the objective.

Microcomputers

One objective pursued was to intall the DASS on the Apple I

microcomputer and to demonstrate the microcomputer's capability. As

mentioned sailer, microcomputers have the advantage of being portable.

In addition, microcomputers offer advantages of lower capital investment

(typical systems are under 13000) and lower power costs (Ref 19:77).

The Apple II was selected because of Its prior demonstrated

* performance using the BASIC version of DASS and Its Immediate

accessibility. In addition, the Apple II had the capability of producing

high resolution color graphics (2C0 t 191). These features coupled with

• . the availability of the PASCAL compiler indicated than an eopansion of

the BASIC DASS program to be both feasible and doable.

PASCAL.Is a fairly new language. It is the first language to embody

the concepts of structured programming defined by £dsqer DlJkstra and C.

".II
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A. 1. Hoare. The langvage was develooed by lklas Virth at

9idgenessisehe Tochnische Hochuohule in Zurich and is a derivative of

[ ALGOL 60 (Ref :ii). The main advantages of PASCAL are in its program

stricture and its data definition 4Ref 15).

An implementation of PASCAL, specifically gor snail machines like

the Apple II. is USCD PASCAL developed by the Institute of Information

Solences at the University of California at San Diego, under the

direction of Kenneth L Bowls. USCD PASCAL differs from the PASCAL

defined by Kathleen Jensen and Niklus Virth in their PASCAL USER MANUAL

AND REPORT primarily in the areas of files and Input/output operations.

In the PASCAL version of DASS. one difference that was used in USCO

PASCAL was the use of random &coca* of data files (Ref 17:151). The

largest differeno, though, was in the use of segmented procedures.

Segmented procedures allow a large program to be divided into

smaller parts which are then entered into the computer memory as they

are needed. This process is similar to overlaying found in FORTRAN. This

option allows for a computer compiled program to be several times larger

than the intrinsic computer memory which results in nore processing and

display capabilities. In addition, segmented procedures are advantageous

because the variables common to all procedures are immediately

available, a fact which is not readily available in other schemes in

program chaining (for esample, BASIC).

In the development of the enhanced DASS, segment procedures were

created along the lines of major program options such as creating the

20
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tree structure (option SPA) and lodlnr attribute values and

sub-obJeotive weights (option WVC). In all, six segment procedures were

used out of the seven available which allows for soms future expansion

of the CASS.

Computer Color CGaph!cs

7-, The second objective which was pursued was to exploit color

computer graphics, In particular, the olor graphics available to the

Apple It PASCAL system.

The field of oomputer graphics is a new, rapidly developing field.

Its chief advantage oan be summed up by the old Chinese proverb of 'one

picture is worth a thousand wordsu. Approximately eighty peroent of

information that is remembered Is recieved through visual stimuli (lef

-' 1:106). In addition, the human mind Is the best available pattern

recognition computer. This coupled with the fact that graphic formats

convey quantitative data as patterns in physical space, the human can

assinulete large amounts of data to make decisions (Ref 6:182). In fact,

graphical representations of data is used to clarify trends, identify

the magnitude of trends, facilitate comparisons, aid In retention, and

focus attention on the significant aspects of the information (Ref

2:26)

A two phase effort was used to achieve the obioctive of color

* computet Iraphics. The first was to enhance the graphical presentations

In the original lirsion of the DASS (Ref 14). These presentations were
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primarily found in the display and sensitivity modules of the program.

- The second was to add now graphic displays. These displays were in the

aro of input, primarily the hierarchioal tree itself and In assigning

werth values to the attributes. Before discussing these phases in

detail, osoe general oomments need to be made oonoerning the color

system used.

- Colors available to the Apple It PASCAL system were orange, violet,

blue, green, and white as well as the baokground color of black. In

order to maintain oonsistency throughout the program, a unique color was

assigned to each alternative. Thus the first alternative was assigned

color orange, the next violet, and so on. A legend relating colors to

alternatives appeared on each graphics figure which oontained the

alternlatives. This provided the uear with an immediate reference. A

-- second use of the legend was to provide inferoation when, in future

versions of DASS, the graphics display oould be printed directly to a

black and white printer (Reasons for not.using a color printer is

* primarily cost (Rof 6:!8f).

Improving Existing Displays. The original version of the PASS used

alphanumeric characters in drawing the graphs (Ref 14). This was because

- the computer that the uriginal version was run on did not have an

S- available, interactive graphics capability. In addition to the use of

" characters in graphs, elternatives ware labelled by alphabetical

characters (that Is an A represented the first alternative, B the

second, and so on). In the enhanced version, the alphanumerio graphs

22



were replaced with lines and alternatives were otored and represented

by lines or bars. An appreolation of the differences can be seen In

figures 4 and S.

Regarding the Cisplay for the sensitivity analysis, very little was

needed to improve the display. As *an be seen in Figure 4, ohanges were

to label which type of sensitivity analysis was used (only one type of

analysis was possible in the original version. See the section on

sensitivity analysij). In addition, note that the objeotiveiattributo

-- information is present In the newer display. The original version did

ot have this information with the graph; however, the analyses was

normally done at a printing terminal whioh recorded all appropriate node

i-fornation used in the sensitivity analysis.

Vhile the display for the sensitivity analysis changed very little.

the display for Information regarding a node changed greatly (Figure 51.

In the improved version, a wiring diagram was employed. The reason for

using a wiring diagram was that decision makers, especially military

decision tskers are used to seeing hierarchical structures in wiring

diagram formats as in organizational chatts. In addition to the wiring

diagram, individual color bars were used to denote the values of each

alternative at each sub-objective. The bars provide, at a glance, a

comparison among the aternatives. The bars were drawn vertically as

opposed to any other direction becaluse lines drawn vertically represent

the most accurate and the most crisp representation of the data based on

the Apple computer slectronies. In addition, the wiring ditgrak (bOes
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and wires) was drawn in green in order to improve viewing.

Adding Now DIsolavi. Display$ that were improved In the enhaneed

version of the DASS were oriented toward. the output of the program. In

addition. attenton was directed towards exploiting color graphics cm

input. The challenge of using graphics for input is to be flexible and

robust to users crrors as well as piotorally displaying the input data.

Two areas wet Identified as candidates for this type of display. They

wete the hierarchical structure itself and the worth values of the

attributes.

In the original version of the DASS, the hierarchical tree was

input one span at a time where the oomputer would display the title of

the parent obJective and the user would enter the immediate desoendents.

In the enhanced version, the sane Information is asked for, but through

a tree diagram whet the user inputs the title of the descendents

(Figure 6). As can be seen In Figure 6a, the parent objective Is at the

top of the wiring diagram with a box for the first descendent. As

immediate descendents are added, now boss are drawn awaiting input

(Figure ab,ol. Vhen no *ore descendents are to be added, the program

asks for desoendents of the first sub-obiactive (Figure 6d), and so on.

Again, the wiring diagram scheme was used to provide a setting that

would be comfortable to the user.

for entering worth values. the original version of DKSS appraised

the user of the previous alternative values of the attribute and asked

for the new Inputs. This method of input Is not bad, especially when

26
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using worth functions to transfors a msease such as V4llare and beers

uta worth values. However, when a direct worth stiasts seed* to be

made for an attribute, a visual conparilso can be useful. Hence the

display skews in figure 7 was developed. As can be seen in the figure,

the utreat value of the alternstives are presented both numerically andIf
In bar graph format. The user then inputs the new value in the box at

the bottom of the sreen aNd upon completion, the computer converts the

entry into a bar and places it under the NEW VALUES area, In the f

alternative's color. Thus the numerical input values are transformed and

spatially displayed as an aid in value interpretation.

VALUe: BORT B(ACK 3111T NIEXT (£SC

URN 1 2 1 URjVALE

OLD VALUES NEW VALUES

00o
ALTERNATIVE F-4

OLD VALUE 5.O0

NEV VALUE

Figure 7 Attribute Value Input Display
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Additional Sensitivity Modules

- The third area Incorporated into the DABS program was to provide

additional capability in the interactive sensitivity analysis. The chief

advantage of the utiginal DABS was the fact the sensitivity analysis

could be done in a real-time basis (that is, while the user is at the

5 .console). In fact, the major drive for all decision support systems is

to give the user immediate anwers to "what it" type questions (Ret:

6:182,5:54). In the original work, any objective or attribu% -t4' could

he varied on the basis of its overall contribution to the hierarchical

structure (Ref 14:Frogramer's Hanual:2-4). The resulting changes in the

value of the "root" node for the alternatives ;rovided an Indication of

how sensiti, the incumbent best alternative would be if the overall

"strength" of a particular objective varied.

As one can easily guess, the types of "what if" questions can be

both infinite in number and estremely difficult in soupleaity. However,

two additional "what if" areas were investigated in addition to the

cumulative weight model presented in the original and enhanoed versions

*I the DASS. They were (1) what happens to the alternative selection if

the relative weight of a particular node changes value among Its

siblings?, and (2) what happens to the alternative selection if the

value of an alternative changes for a particular t'tributo?

Sensitivity of Relative Veight. Vhat we are examining is the change

in alternative values at the "root" node based on a change of a relative

21
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weight on a open anywhere in the tree. Note that the wroot" node is the

- overall objective of the tree struoture.

In performing the analysis, we need to look at how the values of a

Rode to ealoulated. Note that for any node, the value of-an altornajIve

for that node is just the sun of the products of eaoh immediate

descendent alternative value and its relative weight or:

VALUE(PARENT NODE) u RELATIVE VEIGKT(DESCINDENT)*VALUE(DESCENDENT)

all

Immediate III
descendents

Thus we can may that a change in the relative weight of any node

will only affect the value of the parent node. In addition, note that

the value of any node is only dependent on its own Immediate deseendents

and not on the relative weight of the node itself. Therefore, in

esanin.ng a change of the relative wieght of a node, the now alternative

values of its parent need to be calculated and substituted for the

Incumbent values of the parent. This substitution will-then affect the

value of the "rovt" node.

Substitution of the now value% into the "rect" nods, fortunately is

straight-forward. Note that the value contribution of any node to the

*root" node is just the product of its vlue multiplied by its

cumulative weight or:

30
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MODE,$ CONTRIBUTION TO THE ROOT NODE CUMULATIVE W'.EIT 0OD)
VALUER MODE) 122

Since the cumulative weight of the parent is unchanged, the saage

In the value of the patent can be added to the uroot* node or:

NEW VALIJEIOOT MODE) aOLD VALUE(ROOT MOR)
(CWIULATVCVE WICIT(PARENT) 0 OLD VALU!EPARENT)l
(CUMULATIVE VEIGHT(PARENT) * NEWl VALUE(PARENT)l

f22

A question here arises as to how to distribute the remaining

relative weight to the node's siblings. An arbitrary rute was made to

keep the relative weights of the siblings at the a&e proportions as was

in the incumbent situation. rof example, let us have three objective

nodes A. 8. and C. Let each of these objectives have the relative

weights of 0.7, 0.2, and 0.1 respectively. If we change the- relative

weight of A from 0.7 to 0.3, then node 8 will have a relative weight of

0.132 and node C will have a relative weight of 0.067, It we varied node

A from 0.7 to 0.6, node 8 will have a relative weight of 0.267 and node

C 0.123. Note that the ratio of the weight of 8 to C is unchanged in all

oses.

Thus the overall procedure in examining itri offsets of a change in

a relative weight of a given node on the *root" node Is:

I 0.13 ik a new relative weight of the node to be examined.

.--
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(2) Redistribute the remaining relative Weights (that to one
minUs the relative picked in step (I)) among the node'e
siblings.

(3) Reoloulate the value of the node's parent uing the now
reltil,e weights selected In steps (1) and (2) using

equation Ell. Note that the values of the node and Its

siblings are unchanged.

(4) Substltrte the now value of the parent node in place of

its old value at t1- "root' nod, using equation (31,

t."Senittlv of Attribute Value, The objective In this seonitlvity

v'isiysis Is to ezamina the effect of varying an attribute alternative

valsie on the "root' node.

In this analysis note that varying a value of an alternative does

not affect the values of any other alternatives (&odepnndg:e among

alternatiie). In addition, note that changing values does not affect

the tree structure in either the cumulative or relative weights.

Therefore, a change In the "root" node can occur only for the

alternative varied and then by the amount of the cumulative weight of

the attribute or:

NEW VALUECALTERNATIVE,ROOT NODE) OLD VALUE:AL'TERNATIVC,ROOT NODE) -

CU:.JLATIVE 'JICHT(ATTPIRUTE) 6

INCUMBENT VALUE (ALTERNATIVE.AT'RIUTE)

CUMULATIVE WEICHT(ATTRIBUTE)
NE V VALUE (ALTERIATIVE,ATrR1BUTE) C(4

Note that varying the value of an alternative for an att:iLute only

offeoti the value of the "toot" node for that alternative and. the values

32
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of the Proot" node tor all other alternatives are unohanged.

Thus the prcoedure in eaaing the effects of changing am

alternative value for a gtven attribute Is:

(I) Select a new value of the attribute for a given alternative.

(Z) Caloulate the new value of the "root" node for the
given alternative using equation C41. All other
alternative values for the OrootO node will remain
unobaned.
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IV Etamyles

I-
Two problems using worth assessment were evaluated using the DASS.

The following few paragraphs discusses each of the applications.

Tritium Production ?tobles

The first problem dealt with determining the best production

teohnique to develop tritium. The group studying the problem was unsure

as to which of four alternatives (3 different modifications or a now

facility) would be best based on several competing objectives.

After some discussion, the group decided that the problem could

best be decided using the worth assessment procedure. They decided on an

hierarchical structure shown in Figure 0. Based on this particular

structure, the group developed weights-and values for all applicable

nodes. At that point, the hierarchical system was entered into the DASS,

and evaluated.

The resulting value for the overall objective (BEST METHOD) is

shown in Figure 9. The figure shows a consolidation of all nodes into

the total line in the figure.

Based on these results, questions were raised regarding the -

sensitivity of each sub-objectives immediately descendent to the overall

objective namely: cost (COST), production methods (PROD METH), technical

risk (TECH RISK). time (TIME), and public reaction (PUB REACT).

3q
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BEST METHOD
fACTOR IN-CORE OUT-CORZ SHIELD NEY PLAT

COST 77.00 66.03 67.45 65.06
?ROD METH 53.00 3.60 33.45 100.00
TECH RISK 75.93 77.75 71.60 50.40
TIME 62.15 65.55 76.55 24.00
PUN REACT 43.20 43.20 63.t5 59.10

TO11.L 64.56 70.45 61.34 74.71

Figure 9 Results for Tritium Produotion

Thus a sensitivity analysis on the oumulative weight were oonduoted

using the DASS program for each of these nodes.

- The results of th, sensitivity analysis Indicated that ohanging the

emphasis On cost 1i! c-.36 to 0.50; or production raotors from 0.43 to

-.40; or time fron 0.14 to 0.20 ohanged the result of the best

alternative from a new plant to one of the modifioations. However,

changing the emphasis on technioal risk or tine over the entire range of

ounlmative weights for these sub-objeoctives did not alter thesoleotion

of the best alternative. Therefore, based on the sensitivity of the bost

solution, especially with regard to cost, production factors, and time,

ad itional analytical investment should be made to iniure the accuracy

ap stability of the entered weights and values.

Advance Veapon System Selection

_-The second problem dealt with determining the better of two new

competing weapon systems for strategic attack. The team studying this

34
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particular identified two competing sub-objeotivem and therefore decided

to use Worth assessment via the DABS.

After discussing the problem, the study teas developed the

hierarchical tree structure shown in Figureo Ia.

TIMlE ON TGT TGT NEG

ligure 10 Advance Weapon Systen Tree

Based on this structure, the teas then determined the appropriate

weights and values and entered the data into the VASS program with the

* results shown In figure 1i.

BEST SYSTEM
FACTOR SYSTEM I SYSTEM 2

*COST 85.00 55.00
EFFECTIVE 64.00 71.5

TOTAL 72.40 .1

rigare It Results got Best Advanoed System

Based on these results, questioens again vere raised as to the

3,



5easitivitY of the best alternative (System 1) if the weight of cost

C OST)vaetied. Using the DABS, the sensitivity analysis showed that

flystem I would be preferred If the cst wete to be reduced Is importane

from 0.40 to 0.10. Thus additional effort to further detfine the weights

used in this struoture may not be fruitful.

An additional question was raised as to the ef feet of varying the

relative Importance of tine on target (TIME1 ON TOT) to Its sibling,

mumber of targets negated (TOT HIM). The results, using the VASS,

indicated that System I wozld be the preferred alternative regardless of

what the relative importance was between these two nodes. Therefore,

futther refinement of these weights would not be meaningful.

* 3I
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V Conclusions &%aillidill

Many oblectites were pursued in this research. These objective$

tre the implementation of the DASS on a microcomputer, the use of oK

eomputer graphics for input and output displays, and the addition of

sensitivity analysis modules in the DAIS Itself. These obilotives will

be addressed individually. At the conclusion of these comments, a list

of recommended extensions to this thesis will be puesented.

The first conclusion that can be drawn is that the DABS can be

adopted to a microcomputer including computet graphics. Pciorto this

work, VAIS was implemented on a siorocomputer. but was unable to use the

microcomputer'@ graphics caspbility. This work implemented the DAiS and

was able to provide graphics support. In addition. options not available

In the microcomputer program, displaying a node and pruning the

hierarchical tree were installed under this enhanoed version of the

DABS. These accomplishments were primarily due to the use of a compiler

language, PASCAL, which enabled the program to be esecouted in a such

smaller memory than the previous version. In addition, the use of

segmented procedures enabled the program to bo eoeuted suooessfully

even though the program was muoh larger than the actual computer. memory.

A second conclusion is that computer graphics does enhance the

output of the DASS. Color graphics provided additional visual emphasis

to those figures displayed in the original version and now insights to

those graphics modules added. The use of oolored bars in many displays

3,
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allow the user to Interpret numbers. at a glance: a job graphics does

best.

The third conclusion reached to that sensitivity analyses about a

node's relative weight or an alternative attribute value can be

accomplished. In fact, the sensitivity analyses in these areas ware

fairly straight forward. facts that made the problem straight forward

were the assumptions of the worth assessment nodel concerning linear

-- additivity. attribute value Independence. and constant marginal rate of

substitution (Ref 14:19-Z0).

Vhlle this work made advancements In combining technologies

relevant to decision analysis, much further work needs to be done. five

areas are recommended. They are:

a Creating worth value functions to transform Measures Into
worth values. The current program only accepts worth
values.

a Enthancing graphical displays. Additional graphics could be
added to the program in the area of multi-node displays.

e Improving node rolerence nomenclature. This could be
done by taamining the merits of the node reference number
system used to identify a particular node as opposed
to possible user oriented method (such as the title of the
modes theuselves).

a tending the sensitivity analysis to two or more
objectiveslvalues and provide graphical support.

a gvsine the nerits of audio inputs and outputs in the
V ASS.

In conclusion, decision analysis is ocming of ago and new

40
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technologies such as miorocomputers &ad coier graphios are beoomiug

readily available. The future holds a ?ouble challenge for these wbe

dare: to provide answers to questions which are couples# vague, And

--. diffioult. and to present those answers in t! e most meaningful way 10

the deoision Saker.
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II
K. Glossary

Note - the glossary will refer to the following example

tree hierarchy to demonstrate some of the concepts defined.

A A

""I I I

A AN AA---AAB.--- A&C
i I - I

............. AAAA. AACA'

AAA &A1 LAC

AAAA AACA

(tree structure) (dal structur) j
The Sample Hierarchy

backlink - this is a data struotcre concept. The node which proot4e-s a
node in the data structure is backlinked to that node. In the
e1 ample, node (AA) is the backlink to Aods (AB) and node 4A)
is the backlink to node (AA).

branching node - a node (or ohbictav*) which has at least one
desoendant.

eell (or node record) - refoe to the block of data asroclated with a

node. DASS uses cells to store the pointers and the data for
each node. The poinlars stored are the downlink pointer, the

oroseslink pointer, an4 the backlink pointer. In addition

I- I



Glossary (cot)

Information relating to the node such as the node digit, the
relative weight, the cumulative weight, and all alternative
valois are located in a cell.

children - this is a concept of hierarchies. The cht'ldren of a node are
those Nodes which are one level down from that node. I the

example, nodes (AA, AS) are children of node (A) and nodes

(AAAAABAAC) are children of node (AA).

.rosslink - this is 4 data etructure concept. The first sibling node

-- which is added after a node is that node'., crosslink node
(croselinked to that node). In the example, node (AU) is the

croeslink to node (AA) and node (AAC) is the croslink to node

(AAU).

cumulative weight - this i' the weight of a node, relative to the root
node. This is a measure of the contribution of tlt node to the

entire hierarchical structure. The cumulative weight is squat
to the product of the relative weight of the node and the
cumulative weight of the parent (the cumulative waight of th.

"root" node is unity).

data node (also attribute) - a node which has node descendents.

descendent - a node which comes after a given node in the hierarchy.

depth-first soarch - a synthesis of data and logic structure concetts. A
depth-first search traverses a tree by:

(1) adding new lovols fist (if possible)
(2) then visiting the crosslink nodes

A depth-first traversal of the exanple would ,ist the nodes n
the following order:

X hA AlA AAAA AAD AAC AACA AS

level !his is refers to the deptL, the node is from the "rot" nods.
For example, node (A) is a level I node; node (AAAA) is a

level t node.

node - this is an element in the hierarchical o, data structure. All the

2 j
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,1 Glossary (cent)

* elements In the example are nodes. With regard to worth
assessment, nodes can be objectives or attributes depending on
their position in the tree.

node digit - to the number which states the position of a node on its
span. In the example, the node digit of node AA is 2. The
node digit of node AA is 1. The node digit of AACA is 1.

node refecenoe number (NRN) - the vector which points the path through
the tree from the top down to a particular node. Each node hap
a unique NRN. The NRN is made up of node digits. For each
level down, an additional digit must be addet to identify a 7
mode. for example node (AAA&) has a URN of I I 1 1. Node
(AACA) has an NRN of I 1 3 1. Node (hB) has an NURN of 1 2.

parent node - thin is a concept of hierarchies. The node directly in
line one level above a node is the parent node to that node.
In the example, node (A) is the parent of nodes (hA) and (MU).
Node (A) is the parent of nodes (AAA). (AAR) and (AAC).

relative weight - this is the importance of the node relative to its
siblings. These weights have the value between sero and one,
and the sun of all siblings of a ;articular parent is unity.

root (or "root" node) - this is a concept of hierarchies. The root node
is the top most node In the hierarchy and represents the
overall objective of the hierarchical structure.

sibling - this is a concept of hierarchies. Those nodes which have the
sane parent node are siblings. In the example, nodes (AA) and
(AB) are siblings as are nodes (AAA), (AAD) and (AAC).

span - this is a concept of hierarchies. This term is associated with
any given set of siblings. For exaimple, nodes (AA) and (AB)
are on a span.

value - this is a concept of worth assessment. Value Is the worth of a
measure of a particular attribute for a given alternative.

3
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OVERV! EW

The Decision Analysts Support System (DASS) was originally

developed by Bruce V. Morlan to provide user oriented automated support

to decision analyses where a deterministic, linear additive, and

- -- hierarchical decision structure exists. This version of the WkSS was

specifically written for use on microcomputers, in particular, the Apple

11. Machine requirenents for running the DkSS is 64K memory (Apple II)

* and at least one 5 Ill inch floppy disk drive. In addition to those

functions available in the original DASS system, additional features

have been added. These features include expanded sensitivity analysis

capability and computer color graphic displays.

ii
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I. CAPAILITIES AHD LIHITAKr;OI

Every software tool has a set of capabilities and limitations. The

DASS is no exoeption.

* - Capabilitios

The DASS is capable of analysing a decision analysis structure

which is deterministic, linear additive, and hierarchical in mature.

The program allows for the use to input interactively the tree

structure, relative weights and attribute values through the use of

various program options. The input is enhanced through the user of

computer generated graphics. Further, the program automatically

caluolates the cumulative weights of all nodes (also known as oollasping

the tree), and determines the composite value of the "root" or overall

objective nods as well as all intermediate nodes based to the attributes

in the tree structure. The system also allows the user to interactively

*ascertain the status of any node. In addition, data are graphically

displayed and incorporate color for quick data esamination and

evaluation.

The most important feature of the DASS is the ability to conduct

interactive sensitivity analyses fro% a variety of perspectives. The

first perspective is with regard to tha changing of the cumulative

weight of a node to the overall heirarohical structure. The second is to
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evaluate the effect on the selection of the boot alternative given

pertebatic of the relative weight of a node &song its siblings. The

final pare 'otive is to examine the effect on alternative selection

based on ohanges in value for a given system attribute.

Limitations

There are several limitationsthat are associated with this system.

The limitations are associated with both the model being implemented and

the machine on which the model is being implemented.

One model limitation is that the entries for the attribute values

must be in terms of worth. That is. the mapping of the attribute

measures to the worth value have a&1e4 taken pilSO.

Another model limitation is in the basic assumptions of the linear

additive function used In the model. These assumptions are attribute

value independence and marginal rate of substitution. These assumptions

are especially critical when conducting sensitivity analyses when large

deviations are made.

An additional limitation with regard to. the attribute values Is

- that they all must follow a "more is better" philosophy (that is, the

higher the value the better) or a "loss is better" philosophy (the lower

the value the better).

Machine limitations are due to the memory constraints of the Apple

system (ur any microprocessor system for that matter). Thus the

following restrictions should be observed:

2J,
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MAXIMUM NUMBER Of N3DES: 100

MAXIMUM NUM3ER OF LEVELS: 5

MAXIMUM NUMBER Of SYSTEMS: 5

MAXIMUM NUMBER Of NODES ON A SPAN: 5

In addition to these "operational" limitations, that is limitations

when running the program, there are other limitations concerning the

number of separate data sets. For the DASS program only three (3) data

lets oan reside ooncurrently with the DASS program when running a single

disk system. If more than a single disk system is used, the second disk,

whioh could be used as strictly a data disk, ean contai up to 11

separate date sets, eoh set meeting the numerical limits specified

above.

3
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The term "input" refers to all data which is put into the program.

Input comes from two sources: (1) user's interactive responses to

program questions (prompts), and (2) previously entered and stored data

from disk files. When DASS requires any input from the user it will

write a prompting message to the console.

progra Control

The program is controlled by user responses to questions or by user

selection from a menu. Selections are made in one of several ways: (1)

using a three character mnemonic, concluding by depressing the RETURN

key (selecting a major option), (2) using a single letter to select from

a table of sub-options, (3) by pressing the Y or N key in answering

yesino questions posed by various options.

Each major option Is discussed briefly in the following flow

section concutrnt with a simple evample. Complete discussions are found

in the OPTIONS section.

Conventions

In the discussions to follow, all computer input and output is

capitalised, except for output variable values, alternative listings,

node reference numbers, and option names, in which case they are

4



separated y less-than and qreater-thsn signs ((lss) ).

Terninolocy

This program has some spaoif!o terms with regard to the tree

structure and elements within it. These terms are defined below. The

reader is urged to refer to Appendix A of this thesis.

II
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111. PROGRAM FLOW

The following discussion of the use of DASS is built around the

hierarchy shown in Figure 1, which was alse used in Captain Morlan'j

work.

In the heirarohy shown, the question that is being answered is

"which of the available systems (F-4, F-15, and F-111) should we deploy

to a forward base?'. The attribute that we wish to determine is "the

best plane", which has been described in terms of the remainder of the

tree. At the point when we begin to use DASS, we have a structure

(tree), tentative weights for each node anA values for each alternative.

The values for each alternative have been normalized to fall bctween the

values of 0 and 100 for each attribute (the bottom-most node(s) on a

jiven branch). In addition, the values are consistent, that is to say,

that the extremes for all nodes mean the same thing (in this case, all

data nodes with lag.'9 values mean that the particular alternative is

very good- more i* better) (Figure 1).

When the DASS program begins executing, OPTION SEL (set (SECTION IV

for details) is automatically executed. Typing NEV to the question as to

whether the file name entered is a new ie or not will result in

OPTIONS ATT. TTL and SPA to be automatically estcoted.

Option ATT prompts the user to enter the characteristic that the

attribute vklues will have. Any entry sta:ting with an R will be treated



0.430.2 0.43 .1

III ALT LO ALT A RRECCE

Value
F-4 45.0 .0.0 50.0 50.0 50.0 50.0
r-is 80.0 10.0 30.0 90.0 20.0 10.0

jFIll 1 30.0 55.0 40.0 20.0 40.0 60.0

Figure 1 Sample Tcee Structure

as "less is better". Otherwise a moare is better" situation~ among the

attributes is assumed. The thing to remember Is that all data entered

suet be consistent with the characteristic entered.

Option TTL asks the user to enter the title of the upcoming data

structure. This title will be subqusntly used as headers for various

displays that are available tit the MAIN MENU part of the program.

Option SPA enables the, user to then enter the treo structure. This

- option enables the user to quickly enter the trie on a node-by-node

basis, entering descendents to a given node. The option uses graphical

displays to aid the user when entering the descendants.

At the conclusion of the SPA option, the user should *Secut@ the

7 ".o""'I io+v'+ jo"-



II I

REV option to Insure that the tree structure inserted under SPA (above

paragraph) is what is desired. If variovs nodes need to be either

inserted or deleted, the optisais MOD (for adding nodes) andlor PRU (for

deleting nodes) should be used.

Vhen the user is satisfied.with thd tree struoture, the user ohould

then eseoute option SYS in order to enter the alternatives (systems)

that are to be oonsidered by this tree structure.

Nest, the user will need to use the WVC option to input the various

relative weights of desoenJents on a given span, and to input the valces

of the data nodes. After entering the appropriate weights and values,

the tre should then be calculated in order to determine the :elative

rankings of the alternatives under consideration.

After *siting the WVC option, the usp: will more than likely want

to examine the results. The program has two main methods to accoaplish

this. These art options DIS and NUM.

O)ption NUM gives a numerical review of some or all nodes In the

, data structure. Along with the rel.tive weights and cumulative weights

of a given node (and node refeetne number), the values of the

alternatives (either entered or calculated) will be presented. The

review can be routed to either the printer or the console (monitor).

Option DIS gives a revlew, but only for a speelfied node and that

node has to have descendents. Information given in option DIS is similar

to that in option NUM; however, option DIS gives the added option in

providing a graphical display of the node and its descendOnts.

".7



One of the most Important aspects of the DASS system is its

capability to provide sensitt .y analysis. The sensitivity analyses

that are available with this version of DASS alow the variation of the

cumulative weight for a particular node, the variation of t.,* relative

weight for a particular node ,tith relation to its siblings, and tho

veiation of the value of an alternative on a data node. It is through

sensitivity analysis that portions of the tree structure Gan be singled

out for further investigation. In addition, care -ust be taken in

performing sensitivity analysis on the cumulative weights due to the

- nature of the heirarohy. That is, all parts are linked together. Changes

in one area may impact assigned values in appearently unrelated areas.

Another option that Is available to the user is STA. This option

provides current data concerning the tree structure which is n6:essary

to insure agtinst exceeding the capacity of the various data files

-" generated by this program.

The final option, and the most important, if the DON command which

allows the user to elegantly exit the program. This program sequentially

closes all open files and returns control to the disk system.

Deleting old files

Curreni limitations of the DASS system, only allows for three data

sets to sest on a single d.ck (set LIMITATIONS). Thut the time will

come that the user will want to delete old files to make room for new

ones. In addition, given a very long length of time, the user may forget
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the title of sOPe files and would then have to resort to getting a now

disk or re-entering the data files. The following gives a very brief but

complete discussion as to how to remove or got the names of old files.

When in the Disk Operating System (DOS) mode, depress the F key.

You will be in the DOS node when you just turn on power to the machine

With the DASS disk in the disk drive, or after esiting the DASS program

via the DON option. This will invoke the FILER program which

accomplishes all disk operations. When executed, the console will

display a line of charaotrs which are various options available to the

FILER program.

The first option that can be executed io done by typing E. This

invokes the directory list command which will display all diskfiles that

are on the disk. After pressing the E key, the computer will respond

with DIR LISTING OF WHAT VOL ?. At this time enter an asterisk (8) and

depress the RETURN key. The results will be similar to that shown in

Figure 2.

Th& first column indicates the names of files currently on the

disk. Those files which end with SYS.DATA or NODE.DATA represent the

data sets for various tree structures which begin with the first three

letters preceding SYS.DATA or NODE.DATA. If the user were using file

names when executing the DASS program less than three letters, the

letters I will be used to fill in the space between the user entered

filename and three characters.

In order to. remove a data set, depress the letter R. The computer

10



will respond with REMOVE?. The user should thor enter the filt ua* that

is to be removed (e.g. ALPSYS.DATA) and conclude by depressing the

RETURN key. The computer will then respond with a verification message

and the user should rispond by depressing Y for yes or anything else for

no. In either

LEE3:
SYSTEH.APPLE 3Z 26-Jul-79 6 Data
SYSTEM.PASCAL 36 4-May-79 38 Data
SYSTEM.MISCINFO I 4-May-79 74 Data
SYSTEM.FILER 28 24-May-79 7 Code
SYSTEM.LIBRaRY 46 10-Hov-80 103 Data
SYSTEM.CHARSET 2 14'-Jun-79 149 Data

.DhSS.CODE S1 7-Jam-at 151 Code

ECHSYS.DATA I 27-Oct-80 207 Data
ECHHODE.DTA 23 7-Jan-8I 206 Data
ALPSYS.DATA I 7-Jan-81 231 Data
ALPHODEDATA 23 7-Jan-61 232 Data
BETSYS.DATA I 7-Jan-81 255 Data
BETHODE.DATA 23 7-Jan-81 256 Data
( UNUSED ) 1 279
13113 files, I unused, I in largest

Figure 2. Directory Display

case, control will be returned to the FILER program. Note that if data

sets are to be removed, both the SYS.DATA and the NODr.DhTA must be

removed (e.g. ALPSYS.DATA and ALPNODE.D&TA). IN ADDITION, the user must

exeoute the K option (compress the dtskl in order to make room for

subsequent files (the file structure tot this computer dictates that an

unused disk space bigger than the file size be available in order to be

able to ntsate a new files under DhSS). The user can do this by

,o-.-"° -- . .



depressing the K key and respond to the subsequent question with an

asterisk (a) and depressing the RETURN key. Another question will be

asked as to whether all blocks are to be compressed and the answer is

Tes. I the user inadvertently depresses another key, other messagee

viii oour. The user at this time is urged to simply depress the RETURN

key and return to the FILER menu.

After accomplishing the desired remoral operations, the user Gas

*sit the FILER program by depressing the 0 key which will return the

" user to the DOS menu. The user can then exeoute the DABS program by the

methods described previously.

12*
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IV THE-OPTIONj

The following sections deal with the malor options and their

sub-options from the user's standpoint and in x.ioit detail. The'

options are discussed in alphabetical order, each beginning on a nov

5 page. all options are discussed using the format shown in Figor* 3.

OPTION: (option Snozonic)(option nase)

USE: A general discussion of the use of the option

35555555555mC A U T 1 0 N S sfeessaS

CAUTIONS ASSOCIATED WITH USE OF THIS OPTION

- 5t~55tO55*35C A U T I 0 H S essss~e~

PROMPT or MESSAGE prompts and messages are displayed by the

the computer which may requvire some action

on the part of the user.

sTATION on the part of the user. This action attempts

to conpietely describe the meaning of

the prompt and the various effects due to the prompt

REO ACTION spocifies action(*)

required by the user in order to satisfy

program requi rements.

figure 3. Option Discussion Format

% .-
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THE MAIN MENU

PROMPT I: ATT DIS DON MOD NEW NUN PRU REV SEL
SEN SPA STA SYS TTL WVC

OPTIONI

SITUATION: After the program has been initialized (i.e.

esecuting option SEL), the main menu will be displayed

Indicating all options available under the current version

of DABS.

REQ ACTION: Enter the three letter option and the RETURN key. The

computer will respond wit.h prompts associated with that

option. Entering anything else will result In PROMPT I

*being sepeated.

A1
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OPTION: ATT (ATTribute)

USE: This option is used to enter & label for the deolsion

which is being used. Reasonable responses &re °VALUE' (nore

is better) and 'REGRET* (less is better). The response

is later used to proupt the nser for the values for the

alternatives being considered and indicating which alternative

is the best (highest or lowest) in the sensitivity analysis.

CtttttttttS C A V T I 0 t t

i. ANY ENTRY STARTING WITH THE LETTER R WILL BE TREATED AS

REGRET (LESS IS BETTER) IN THE SENSITIVITY ANALYSIS.

ALL CHARACTERS STARTING WITH ANY OTHER LETTERINUMERALI 01

CHARACTER WILL BE TREATED A VALUE (MORE IS SETTER) IN THE

SENSITIVITY ANALYSIS.

ts t t t t t t t t5 f t C A U T I 0 N t

PROMPT I: ENTER ATTIRBUTE CHARACTERISTIC

(REGRET OR VALUE)?

REG ACTION: Enter attribute characteristic, ending with the RETURN

key. The entry can be any length; however, only the first

ten oharacters will be retained.

o,5



OPTION: DIS (DISplay a nods with descendents)

USE: This option will display the informat ion at a mod* In either

tabular or graphical format.

eeeeeseeeesseeeesC A U T I 0 N 5

1. DIRECTING THE DISPLAY TO GO TO THE PRINTER WHlEN THE PRIXTER
IS NOT AVAILABLE WILL RESULT IN A PROGRAM FAILURE,

eeeeeseeaasseseaseC A U T 1 0 N S 5 sseseeee

PROMPT 1: ENTER NODE TO BE DISPLAYED...

ENTER... NR?

SITUATION: The user is asked to enter 'the node reference number.

for a node which has descendents, and for which th'

display is to t.ke place.

ACTION REG: Enter the yRN and conclude by depressing the return key.

Entering a NRN which is non-existent will return

control back to the MAIN MENU.

PROMPT 1-A: NODE IS A DATA NODE AND CANNOT BE DISPLAYED
DEPRESS RETURN TO CONTINUE

SITUATION: The N entered in response to PROMPT I is not a node

with descmndentts.

ACTION REG.- Depress the RETURN key to continue the program.

PROMPT 2: WARNING... R
TREE NEEDS TO BE PRE)CALULATED

OUTP UT VALUES MAY BE INCORRECT

PRESS ANY KEY TO CONTINUE

is
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SITUATION: The tree structure has been modified by either adding

or deleting nodes, o: adding or deleting alternatives

and has not been gs-computed sine. This means that

the weights and values for some or all nodes say be

inaoourate. The display, however, will not be

inhibited nor can it be abortjd.

ACTION REG: Depress any key.

PROMPT 3: T(ADULAR G(RAPHIC

SITUATION: The user is now asked as to whether a tabular or

graphical presentation of the data is desired. The

tabular format is shown in Figure 4. and shows the node

entered in PROMPT I as well as its immediate

descendents. In addition, numeric values of each alternative

for all nodes are listed as well as the cumulative and

relative weights.

The graphical format provides similar information; however,

the display takes on the aaptarance illustrated in Figure

4 with the numeric values for the relative and cumulative

weights being displayed and the values of the alternatives,

in bar graph format, being displayed underneath the

descendent nodes and to the right of the parent node.

An alternativelcolor legend is displayed on the upper

left hand corner.

[.-7



ACTION REG: Press the T or G key for the option desired. It T is

depressed. PROMPT 4 will occur.

If C Is depressed, Figure 5 will be displayed. Depressing

an~y other key will result In PROMPT 3 being repeated.

PROMPT 4: C(ONSOLE P(RINTER

SITVAION: This prompt will occur It the T key was depressed in

response to PROMPT 3. This prompt determines it the

review io to sent to the console or the printer.

ACTION REG: Depress the C or P key depending on the option

desired. The output will appear as shown In Vigor*

4. It the P key Is depressed, cootrol is returned

to the MAIN MENU after the data is sent to the printer.

Depressing any other ke'. will result in PROMPT 4 being

repeated.

PROIPT 5: PRESS ANY KEY TO CONTINUE

SITUATION: This prompt occurs after the tabular display is produced

on the console. This causes a temporary pause so that the

the user can seamn the data.

ACTION REG: After examining the display, press any key. Control

will be returned to the MAIN MENU.

is
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Nl

1 3
COMBAT -

S ICTOR f-4 F-t5 r-Ill
AIR-AIR a 50.00 90.00 20.00
AIR-GND ' 50.00 20.00 40.00
RECCE 2 50.00 10.00 60.00

TOTAL 50.00 41.57 34.25

FACTOR (WT) CUMT
AIR-AIR a (.42) 0.24
AIR-GND a (.42) 0.24
RECCE 2 (.14) .0$

TOTAL 0.5?

The above format will be seen if T is depressed in response
to PROMPT 3

Line 1 (1 3) the URN for the node entered in PROiPT I

Line 2 (COMBAT -) the label for the node entered in PRCMPT I

Line 3 (FACTOR F-4 F-is F-l1) lists the header for all
immediate descendent nodes and lists horisontally the
alternative labels truncated to five characters.

Lines 4-6 lists the labels of the immediate descendent node and
lists values (inputted or calculated) for eanh alternative
The asterisk (*) lisid to the right of the label
Indicates the nod* as a data node (the bottom-most

* Inode for that branch).

, Line 7 (TOTAL 50.00 48.57 34.28) lists the value of each
altrnative for the node inputted in response to PROMPT I.

Line 0 (FACTOR W. 'JMWT) lists the header, again
for thp W. e descendents. The (WT) is the relative
weight • .act, :l.ng (lines 9-11) agaist each other.
The Curi.T is the contribttion of each sibling (lines
9-11) to the overall decision structure.

Line 12 (TOTAL 0.57) indicates the amount (relative to
1.00) that the node inputted in response to PROMPT
I contributes to the overall decision structure.

Figure 4 DIS Tabular Format
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(RELWT) CUIVT

(.42) 0.24 (.42) .24 (.14) .01

MR-I""AIRi IR-GI oD RECCE

The above format will be seen if G Is depresed in response to PROMPT
2.

The parent node is listed at the top with the values calculated
on its right. For each descendent node, its set of values are
listed in bar graph format nnderneath. Nodes labeled with asterisks
(") are data nodes. Each bar is colored unique:i t. a particular

alternative legend In the upper left hand corner.

(REL VT) values in parentheses are values of each sibling
against each other. For COMBAT (the parent node), its
relative weight is in relation to other nodes
(not shown in the display) at the parent's level.

CUMVT indicates the overall contribution of the node to the
overall decision structure.

Figure S DIS Graphical Display
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OPTION: DON (DONe)

USE: This to the last option used. This signals that the

user is finished with the program and the data files.

The program will close (save) the files inoluding

appropriate information of the tree structure (number

or nodes, number of levels, number of alternatives, and tree

accuracy). The program will torminate and the DISC OPERATING

SYSTEN menu will be displayed.

"o tttttetttstttt C A U T 1 0 N stt tetttttttt

(there a8o no cautions associated with this option)

ttstttltttttltte, C A U T 1 0 N tttttttee tttt

PROMPTS: none

:i1
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pOPTION: MOD (MOlfy twisting trot structure)

USE: This option is used to modify the tree one nod^ at a tims.

Each node addrtessedl by node reference number (NRN) is:

(1) czaaatd. it necessary, along with Its prede~essors

as necessary, (2) changed in label only It it already

55seeaeClelseseaaC A U T 1 0 N4 S e~eseels

1. ALL ,4RNs ENTERED MUST BEGIN WITH 1. IF ANY OTHER NUMBER <
IS ENCOUNTERED FIRST, THE TREE STRUCTURE (AS KNOWN BEFORE
THIS MODIFICATION) VILL BE PERMANENTLY LOST.

2. ADDING MORE THAN FIVE NODES ON A SPAN IS POSSIBLE
IF ONE OF THE SPANS CONTAINED IN THE NRN ALREADY
HAS FIVE NODES. THE RESULTS oF THIS ARE
UNPREDICTABLE AND MAY PRODUCE UNEXPECTED OR
UNDESIRABLE RESULTS.

3. ANY NUMBER CAN BE USED IN ENTERING THE NRH REQUESTED
BY PROMPT 1; HOWEVER, IF A GIVEN SPAN DOES NOT

EXIST FOR h GIVEN NRN LEVEL, THE NRN NUMBER I WILL

BE ASSIGNED FOR THAT LEVEL.

4. THERE ARE NO CHECKS TO GUARD AGAINST THE OVERALL
SIZE REQUIREMENTS Of THE TREE STRUCTURE GIVEN EARLIER

IN THIS TEXT. THE USER IS URGED TO US~E OPTION STh
AT THE CONCLU31ON OF THIS OPTION TO INSURE AGAINST

INADVERTENT SIZE VIOLATIONS.

C A u r I o N s

PROMPT' I: ENTER... .NRNI

SIT*.ATION: The user is asked to ent-r the node reference number

whare the additional node is to be &dded, or the '%bo I
uf the node is to be changed.

22J



ACTION RtO: Enter the NRM and conclude by depressing the RETURN
key. Depressing the RETURN key without any entry

will result ina control being returned to the MAIM MENU.

PRO14PT 2: LANE'.?

SITUATION: The user is asked to enter the label of the node(s)

directed by PROMPT I. If the node already exists.,

Just the label of that node will be changed. It

the node directed by the NRM does not exist, all

new nodes created by the NRN entered in PROMPT I

s4ill contain the entered label.4

ACTION REO: Enter the labei of the node(s) and conclude by

deprouuing the RETURN key. The rode label may

be of any length; howtvor, only the fitst ten (10)

characters will be retained. Entering DONE and4 depressing

the RETURN key or depressing the RETURN key withcut slay

entry will abort this option. Control will be returned

to the MAIN MENU. If a label was inputted in responce to

PROMPT 2, PROMPT I will be repeated.

23
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OPTION: NEV (NEW data file)

USS: This option Is used to generate a new tree structuts.

either with th" present file (it file name is identical)

or a new file name. If the file name request by the prompts

is identical to the file currently in use, the file will

be destroTed.

SEE OPTION SEL FOR THE PROMPTS AND REGUIRED ACTIONS

24
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OPTION: HUM (NUMeric review)

USE: This option is used to generate a display of the tree structure,

including the node reference number, node label, relative

-. *: weight, cumulate weight, input values or calculated vaices for

each node and alternative.

ettttstteettttttt C A U T 1 0 N CtttCettsttttttt

I. IF THE CTRL AND A KEY ARE DEPRESSED SIMULTANEOUSLY. THE OTHER.
% HALF OF THE SCREEN WILL BE DISPLAYED. WHILE HOT CATASTROPHIC,

A BLANK SCREEII MAY OCCUR WHERE DATA OR MESSAGES OUGHT TO BE

DISPLAYED. IF Id DOUBT, DEPRESS THE CTRL AND A KEY

SIMULTANEOUSLY.

2. DIRECTING THE NUMERIC REVIEW TO GO TO THE PRINTER WHEN THE

THE PRINTER IS NOT AVAILABLE WILL RESULT IN A PROGRAM FAILURE.

eesee-eaeeeeweee t C A U T 1 ON "0ttS5**tt5 5

PROMPT 1: A(LL S(ELECT

SITUATION: This prompt determines if the entire tree is to be

reviewed CALL) or if only a selected node is to be

reviewed (SELECT)
*1

ACTION REQ: Depress the A or S key for the option desired. If the

the A key is depressed, the rrogram will respond with

PROMPT 2. If the S key is deptessed, PROMPT I-A will

* . appear. Any other key will result in PROMPT I being

repeated

PROMPT %-A. ENTER.. .NRNI

25S
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SITUATION: The S key has been depressed in response to PROMPT I and

the user is now asked to input the node reference number

tNRN) for which the numerio review is to take place.

ACTION REG: Enter the node reference number and conclude with the

RETURN key.

PROMPT 2: C(ONSOLE F(RINTER

SITUATION: This prompt determines it the review it to sent to the

console or th2 printer.

ACTION REO: Depress the C or P iey depending on the option desired.

If C is depressed, the output will appear as in Figure A.

If P is depressed, the output will appear as in Figure ?.

PROMPT 3: WARNING...

TREE NEEDS TO BE (RE)CALCULATED
OUTPUT VALUES hAY BE INCORRECT

PRESS ANY KEY TO CONTINUE

SITUATION: The tree structure has been modified by either adding

or deleting nodes; adding or deleting alternatives;

or changing node weights or values and has

not been calculated since. This means that the

weights and values for some or all nodes may be

inaccurate. The review, however, is not inhibited.

ACTION REG: Depress any key

PROMPT 4: (ANY KEY) CONTINUE (ESC) EXIT

Liu
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SITVATION: Vhen a full page of output is produced, either on the

printer or the console, the output is paused so that

the user can examine the data. Pressing any key will

continue the cutput. Pressing the ESC key will abort

the numeric review and return control to the MAIN MENU.

". ACTION REG: Depress any key or the EAC key depending on the action

required.

PROMPT 5: PRESS ANY KEY TO CONTINUE

SITUATION: Display is completed. This is written in order to

allow the user tine to peruse the last page of the

numerio review.-l
ACTION REG: Press any key to continue the program. The program

will return control to the MAIN MENU.

-*7



REVIEW

REST AIRCRAFT
NODE REF NUMBER LABEL REL VT CUKWT F-4 F-15 ?-III

I NEST PLANE 1.00 1.00 47.79 51.04 37.51
I I AERO .14 .14 34.50 31.00 47.50
I I I HIGH ALT .30 .04 45.00 80.00 30.00
1 1 2 LOW ALT .70 .t0 30.00 10.00 55.00
1 2 SURVIVABLE .29 .29 50.00 80.00 40.00
1 3 COMBAT .57 .57 50.00 48.57 34.29
1 3 1 AIR-AIR .43 .24 50.00 90.00 20.00
1 3 2 AIR-GND .43 .24 50.00 10.00 40.00
1 3 3 RECCE .14 .01 50.00 10.00 60.00

The above format will be seen in P is depressed in response to PROMPT

2. Each line in the table contains the following information (the
third line ts used as an example).

1) NODE REF NUMBER LABEL (I 1 1 HIGH ALT). The node
reference number (NRN) is given for each node, along with that
node's label.

2) REL VT (.30) The wieoht of this node, relative to its
siblings (I 1 2 LOW ALT) is given.

3) CUR VT (.04) The cumulative weight of this node relative
to the entire tree (its contribution to the top node calculated
values) Is iven.

4) ALTERNATIVE LABELS- F-4 F-15 F-Il (45.00 50.00 30.00). The
$ values for the alternatives are given. These are either

the inputs values (if the node is a data nod*) or calculated
values (if the node is an inner, branching node). These
calculated values ae those which the user would enter if the
branching node were to be replaced with a data node, and the
values entered as user inputs.

Figure 6. HUM Format for the Line Printer

9!S
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REVI EV
BEST AIRCRAFT
NODE REF NUMNBER LABEL REL WT CUiVT? f-4 F-IS F-Il

I BEST PLANE 1.00 1.00 1 BEST PLANE47.79 55.04 37.81

1 1 AERO .14 .14 AERO 34.50 31.00 47.50

I I I HIGH ALT .30 .04 1 HIGH ALT' 45.00 80.00 30.06
I 1 2 LOW ALT .70 .10 1 LOW ALT 30.00 10.00 55.00
I 2 SURVIVABLE .29 .29 1 SURVIVABLESO.00 60.00 40.00
1 3 COHBAT .57 .57 1 COMBAT 50.00 46.57 24.29
I 3 1 AIR-AIR .43 .24 1 AIR-AIR 50.00 90.00 20.00
1 3 2 AIR-GND .43 .24 1 AIR-GND 50.00 20.00 40.00
1 3 3 RECCE .14 .08 1 RECCE 50.00 10.00 60.00

The data on the left side of the dashed line will be seen if the C key
is depressed in response to PROMPT 2. In order to see the data on the
right side, depress the CTRL and A key at the sane tine. Depressing
the CTRL and A key again will return the display beck to the left side

See Figure 4 for further information.

Figure 7. NUNl! Format for the Console

29
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OPTION: PRU (PRUne tree)

U USE: Prune is used to eliminate selected branches fron the tree.

The user is given two options for pruning: (1) prune a %odo

and all its descendents, or (2) prune only the desoendents

of a node.

eesettsttastltt C A U T 1 O S tttatttttst sstttt

1. ENTERING AN INCORRECT OR NON-EXISTANT NODE REFERENCE
NUMBER CAN HAVE CATASTROPHIC EFFECTS ON THE
TREE STRUCTURE'. USE OPTION REV OR NUN TO INSURE
PROPER NRN ENTRY.

2. A FORM OF TEMPORARY PRUNING, WHICH DOES NOT ALTER THE TREE

STRUCTURE IS TO USE WEIGHTS OF 0.0 FOR THOSE BRANCHES
WHICH WOULD BE PRUNED. USE OPTION WVC.

-teetttttttttttttC C A U T I 0 N S teatttsetttttttte

PROMPT 1: N(ODEsDOWN DIOWN OWLT EtXIT

* SITUATION: The user is asked to solooted the particular method

" - of pruning the tree structure.

NODEeDOWN prunes the node entered in response to'PROMPT 2

as well as all descendent nodes.

DOWN ONLY prunes only the descendents of the node entsred

.r€. in response to PROMPT 2.

EXIT softs the option and returns the control to the

MIN MENU.

ACTION REO: Depress the N, D, or E key for the desired option.

10



Depressing the N or D key will result in PROMPT I and

on to b displayed. Depressing the " key will revolt

In the emit of this procedure and return to

the MAIN MENU. Depressing any other key will

result In PROMPT I being repeated.

PROMPT 2: ENTER... .NRNI

SITUATION: The user is now asked to enter the node reforenoe

number for the node on which the pruning Is to

- take place.

ACTION RIo: Enter the URN and conclude with the RETURN key.

PROMPT 2-A: YOU CANNOT PRUNE A DATA NODE VITH
A DOWN ONLY OPTION...
PRUNE TERMINATED...
(ANY KEY) CONTINUE

SITUATION: The NRN entered in response to PROMPT 2 was a data node

and the U key was depressed in response to PROMPT 1.

ACTION RIO: Depress any key. The program will return control

to the MAIN MENU.

MESSAGE 1: PUNITNG...

SITUATION: This message will indicate that various pruning operations

a underotway. Additional periods (.) will be displayed

as ote pruning operations are initiated and completed.

At the end of the pruning, control of the program will

* . RUETRNNTD . .
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automat ically be transferred to the MAIN MENU.
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OPTION: REV (REVIew of structure)

USE: This option is used to generate a display of the tree stro ure.

The node reftrenc number atd node label are given for a&*

node reviewed, which will be the user selected node and

all its descendents.

eeeeetettttuettettet C A U T I 0 N eeeeetttt

I. DIRECTING THE REVIEW TO GO TO THE PRINTER WHEN THE
THE PRINTER IS NOT AVAILABLE WILL RESULT IN A PROGRAM FAILURE.

.:: ... ee..ee C A U T 1 0 N *..eeee5eeeeeee..

PROMPT I: A(LL SCELECT

SITUATION: This prompt determines if the entire tree Is to be

reviqwed (ALL) or if only a selected node is to be

reviewed (SELECT)

ACTION REG: Depress the A or S key for the option desired. If the

the A key Is depressed, the program will respond with

PROMPT 2. If the S key is depressed, PROMPT I-A will

appear. Any other key will result in PROMPT I being

repeated.

PROMPT I-A: ENTER.. .NRN?

SITUATION: The S key has been depressed in response to PROMPT I and

_ the user is now tdttd to input the no '% tolexanto nuber

(NRN) for which the numeric review is to takt pla-q

• I
U
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ACTION RZO: Enter the node reference number and conclude with the

RETURN key.

PROMPT 2: C(ONSOLE P(RINTER

SITUATION: This prompt determines It the review is to be sent to the

console or the printer.

ACTION REO: Depress the C or P key depending on the option desired.

The output will appear as In Figure 8.

PROMPT 3: WARNING ...
TREE NEEDS TO BE (RE)CALCULATED
OUTPUT VALUES MAY BE INCORRECT

PRESS ANY KEY TO CONTINUE

SITUATION: The tree structure has been modified by either adding

or deleting nodes; adding -tdeleting alternatives;

or changing weights and values of nodes and has not

been calculated since. This means that the

weights and values for sox* or all nodes may be

inaccurate. The review, however, is not Inhibited.

ACTION REG: Depress any key

PROMPT 4: (ANY KEY) CONTINUE (ESC) EXIT

SITUATION: When a full page of output Is pro4ueed, either an the

printer or tne console, the output is paused so that

the user can examine the data. Pressing any key will

contince, the output. Pressing the ESC key will abort

34



t -1d - - - -

the review and return control to the MAIN MENU.

ACTION REG: Depress any key or the ESC key depending on the aotion.

required.

PROMPT 5: PRESS ANY KEY TO CONTINUE

SITUATION: Display is completed. This is written in order to

allow the user time to peruse the lant page of the

review.

ACTION REO: Press any key to continue the program. The program

will return control to the MAIN MENU.

I BEST PLANE
I I AERO
I I I HIGH ALT

I 1 2 LOW ALT
I 2 SURVIVABLE
i 3 COMBAT

1 3 1 AIR-AIR
1 3 2 ATR-CND
1 3 3 RECCE

Figure 8. REV Format for the Console or Lite Printer

".5
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OPTION: BEL (SELeot data file)

1153: This option Is used to select a new data file

BCCC~sCCS,,C A U T I 0 N eessaea

I. ENSURE DISK NAME ENTRIES CONCLUDE WITH A COLON(:

1. If CREATING A NEW FILE. AND THE FILENAME ENTERED IS THE
SAME AS ONE THAT ALREADY EXISTS, THE OLD DISK FILk WILL
-BE DESTROYED.

3. If THE FILE ASKED F03 IN PROMPT I AND I DOES NOT EXIST,
A RESULTING COMPUTER ERROR WILL OCCUR. YOU MUST THEK
DEPRESS THE SPACE BAR AND RE-EXECUTE THE DASS PROGRAM.

,taaesaese.~aC A U TI O0N

PROMPT 1: ENTER.. .DISK NAME TO BE USED
(E.G. APPLEO.)

SITUATION: Computer data tiles for the VASS program are catalogued

by a disk name (volume name) and file* name.

The c~imputer at this point is %sking for a disk namoo.

ACTION REQI: Enter the name of the disk Conclude entry with a colon

C)and the RETURN key. If the tile is to be on the

Same disk with the DASS program z, the RETURN key by

Itself will suffice.

PROMPT 2: PLEASE INSERT. (ISX NAME) AND DEPRESS RETURN

SIT.ATIOHN The computer Is asking that the user insures that the

dick specified in PROM'T I is the. disk drive.

ACTION REO7 Make sure that the disk specified in PROMPT I is in the
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disk drive, then depress the RETURN key.

PROMPT 3: ENTER...FILE NAME TO BE ACCESSED

SITUATION: The a uputer is asking for the particular file name.

ACTION RED: Enter the tilt riae of the desired irta, conclude with

the RETURN key. The file name can consist of

alphanumerics (letteys or numerical digits) ant the

special characters minus sign r-), right olash (Ii,

bAck slash (i) and underline C.) The file name can

be any let.gth; however, only the first three characters

will be significant and used by tha program.

PROMPT 4: (CP) OR NEW?

SITUATION: Asking if the file alrea0 erists. The file exists if

the DASS program has been stopped by the DON or SEL option

after ente:ing the fiie name entered in PROMPTs I

Aknr 2.

ACTICN REG: If the file described in PROMPT I is to be a new file,

type NEW and conclude with the RETURN key. Tbe

program will then execute options ATT, TTT., and SPA.

If the file described in PROMPT I and 2 is an old

file, press the RETU.N key. The program will displa7

the MAIN MENU.

37
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OPTION: SEN (StElstivity analysis)

t|US&: Used to conduct sensitivity analysts. The selected node's

ovaulstiv* weight, relative weight, or in the case of a data mods.

the value of an alternative, is allowed to cause between

a user #elected sininum and isasinus values. The true In collapsed

with the perturbed appropriate weight (or value). and the values

of the top node are printed or plotted.

"hetett1e C A U T I 0 N ttftfttttes

1. USING HN AND MAX VALUES FAR FROM THE 'CORRECT' VALUE VILL
GIVE MATHEMATICALLY CORRECT NUMBERS, HOWEVER THE VALIDITY
OF THESE RESULTS MAY BE SUSPECT DUE TO THE SYNERGISTIC
INTERACTIONS OF WEIGHTS WITH WEIGHTS AND WEIGHTS VITH
VALUES.

53ttlt 5105t C A U T 1 0 H tetg gtttet o

MESSAGE 0: WARNING
TREE NEEDS TO BE (RE)CALCULATED

REPORTED VALUES HAY BE INCORRECTI
(ANY KEY) CONTINUE

SITUATION: The tree structure has been nodified by either

adding or deleting nodes; adding or deleting alternatives;

or changing node weights and values. The sensitivity

*analysis will not be inhibited; however, values calcrlated

will not be valid.

ACTION REG: Press any key to continue the program and respond

to PROMPT I by pressing the S key.

PROMPT 1: SEKSITIVITY- C)UIIVT RIEL' V)ALUE E)IXIT

3'
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l 3SITUATION: This prompt Is to ascertain the type of sensitivity

analysis that is to be acoomplished.

*CUMWT - vary the cumulative weight of a node.

RELVT - vary the relative weight of a node.

* VALUE - vary the value of an alternative

at a data mode.

EXIT - eal sensitivity

ACTION RiO: Press the C, R, V, or E kel depending on the

option desired. Pressing any other key will result in

PROMPT I being repeated.

KESS&Gt 1: SENSITIVITY ANALYSIS FOLLOWS:

PROMPT 2: NRN FOR WHICH (OPTION) IS
TO BE PRETURIED
EINTER... RNI

* SITUATION: (OPTION) indicates the option selected by the user in PROMPT I

The computer is asking for the Node Reference

Number (NRN) for the node where the sensitivity analysis

is to take place.

ACTION REG: Enter the node reference number (NRN) for

the node where the sensitivity is to be

accomplished. Any character not a number will be

ignored. End the NRN entry with a carriage return tRETURN key).

3,
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PROMPT 2A: NODE DOES NOT EIST...
(ANY KEY) CONTINUI

SITUATION: The NN entered by the user does not esist in the present

tree struotire.

ACTION REO: Press any key to continue program. The computer will

respond with PROMPT 2.

PROMPT 238: NODE NOT DATA NODE...
(ANY KEY) CONTINUE

SITUATION: Message occurs when the user has selected the VALUE

option and the NURN selected by the user Is not

a data node (i.e. the botten-most node for that

branch).

ACTION REG: Press any key to continue program. The computer will

*respond with PROMPT 2.

PROMPT 3: SYSTEMS AVAILABLE

(LIST OF ALTERNATIVES)

ENTER SYSTEM FOR Vl4ICH VALUE IS
TO BE PRETURDED.

SITUATION: (LIST OF ALTERNATIVES) Alternitives that are contained in

the present tree structure. This prompt occurs only when

the VALUE option is requested.

ACTION REG: Enter one of the alternatives listed in the

(LIST OF ALTERNATIVES) ending with a carriage return

(RETURN key).

". 40
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IL
PROMPT 3A: SYSTEM ENTERED NOT VALID

(ANT KIY) CONTINUE

SITUATION: The system entered by the user in response to PROMPT 3

wee not the same are listed in the (rI.ST OF ALTERNATIVEIS)

(et PROMPT 3) above.

ACTION RIE: Pree any key to continue the program. The ecputer

will repeat with PROMPT 3.

r,

MESSAGE 2: (NRN) (NODELANEL)
CURRENT NODE (OPTION) IS (VALUE)

SITUATION: (NRN) Node referenced entered by user in PROMPT I

(NODE LABEL) The title of the nods identified by the

node reference number in PROMPT I

(OPTION) VIii be either CUMVT. REL T or VALUE

dependent upon the choice made in

PROMPT 1.

(VALUE) The present value of the cumulative

weight, the relative weight. or the vkluc

of the alternative for the node Identified

in the NRN in FROMPT 2.

PROMPT 4: MINIMUM (OPTION) (O-(MAI VALUE ALLOWED)) ISP

SITUATION: (OPTION) ViII be either CUHVT, RELWT or VALUE

depending upon the choloe made in

41
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PROMT I.

IIAl VhLUE ALLOWED) I for opitions CUJ WT or RELY?

100 for option VIL.UK

ACTION RIO: ttr a value which will be used as the lover limit

Is the sensitivity analysis for the option $eleoted by

PROMPT 1. Conclude the entry with a carriage return

(RETURN key). Entered values below

%

seo or higher than the (MAI VALUE ALLOWED) will

_result in PROMPT 4 being repeated.

PROMPT 5: MAXIMUM (OPTION) ((MIN VALUE) - (MAX VALUE ALLOWED)) 1S?

K-SITUATION: (OPTION) Option selected by PROMPT I

(MIN VALUE) User Input value in respose to PROMPT 4

(MAS VALUE ALLOWED) Same as PROMPT oII ACTION REQ: The user Is to enter a value which will be used as

the upper limit In the sensitivity analysis tot the

option selected by PROMPT . clude the entry wi ie vth

-a carriage return (RETURN key). Entered values below

(rIN VALUE) or higher than the (MAI VALUE ALLOED)

will result in PROMPT 5 being repeated.

PROMPT I (OPTION): T)A-ULAR G)RAPHICAL )AXIT

t SITUATION: (OPTION) tither CUiWTo RELWT, or VALUE based on the

option selected in PROMPT

The erstivity analysis Is completed, The computer

4.2
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is mow asking the user to selest the form In whick

the analysis is to be displayed.

TABULAR - Tabulated values for each system, at Ihe top

node, for the two stremes and for I equally

spaced points internal to the interval (rigure 9).

GRAPWICAL - The graphical representation of the

analysis with the two estremes of the

sensitivity Interval along the T-Aols

and the volue for each system, at the top

node, along the I-asis. Each alternative is

color coded at the top of the display (Figure 10).

zIT - Leave the senstivity analysis routine.

ACTION REG: User is to press the T. G. or t key te display

the analysis in the desired node. Pressing any other

key will result in PROMPT 6 being repeated.

?ROMPT 6A: TABULAR: C(ONSOLE P(RIWTER

SITUATION: This prompt will be in rtponse to the T key being

depressed in PROMPT &. The computer is now asking as to whether

the sensitivity analysis is to go to the console or the

line printer.

ACTION PtQ: Press the C or P key to send the

sensitivity analysis output to either the consolo

or the line printer, respectively. Pressing any other

"" 4
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key will result in PROMPT 6 being repeated.

PROMPT 68: GRAPHIC: H(ORMAL I(IPANDED

- SITUATION: This prompt Will be in response to the C key being

depressed in PROMPT 6. The computer has acopted the

omamand to provide a graphical display of the sensitivity

analysis and is now asking for the format the graph i to take.

NORMAL - the 2-aisi will be labelled from 0 to 100 which Is

the minimum and maximum values which the top

node can take.

.IPANDED - the I-atis will be labelled from the lowest

value obtained in the sensitivity analysis

(to the n*&rest 10) to the highest value

(to the nearest 20). This option is normally

used to separate alternative lines for olarity.

ACTION REO: Press the N or t key based on the

graphical display desired. Presosing any other key

will result in PROMPT 63 being repeated. Upon completion

of the graphical display, depressing any key will result

in PROMPT 6 being repeated.

PROMPT ?: (ANY KEY) CONTINUE

SITUATION: This occurs at the conclusion of the tabular printout

. at either the line printer or the console.

- ACTION REO: Press any key to continue the program. The program will

44
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respond with PROHPT 6.

CUWT SENS1TIVITY ANALYSIS

fOR SURVIVABLE NRN:I I
cumnr: -4 F-15 F-111

0.00 44.9' 45.1 36.9
0.10 47.2 41.62 37.2

0.20 47.5 52.00 37.5

".30 47.1 $5.5' 37.8

0.40 48.1 59.0' 38.2
3.50 46.5 62.5' 31.5
0.60 43.3 66.0 t 38.1

".70 49.1 69.5* 39.1
0.30 49.4 73 04 39.4

0.90 49.7 76.5' 39.7

1.00 50.0 30.0' 40.0

Figure 9 SEN Tabular Display

-"F-4 FItl

F-15

SENSITIVITY ANALYSIS
FOR SURVIVABLE xIR 1 $

VALUE

0 20 40 60 g0 100

.2 ---------- ---- - ----- ------ ------

S ......-- --- -------------

Fiur 10 BNcah l Ds ly
' V I C .

i O0

I.-

.. J"- ""figure 10 SEX Graphiosi Olmple7
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OPTION: SPA (SPAn on a given node)

USE: This option is used to create new tree struotures by

entering the immediate desoendents (children) to nodes.

The user enters the node reference number (NRN) for the

-top node to be processed, and NRNs art automatically

generated for all additional nodes as the user enters

labels for the now nodes. The user is given the option

of creating descendents for each new node created.

%-p t5i33i5tttttttt C A U T 1 0 N S tttttttttttstittt

I. ALL OLD DESCENDENTS AT h NODE ARE LOST IF EVEN ONE NEW
DESCENDENT IS ADDED. NOTE THAT IT IS POSSIBLE TO
EXIT FROM A NEWLY PROMPTED NODE BY EW'IERIHG DONE OR
EXIT OR DEPRESSING THE RETURN KEY.

3. A YES RESPONSE TO PROMPT t-A WILL DESTROY ALL PREVIOUS TREE

STRUCTURE DATA.

3. A MAXIMUM OF 100 NODES CAN BE USED. THE PROGRAM WILL NOT
CHECK IF MORE ARE ADDED. UNEXPECTED RESULTS MAY
CCUR.

4. SPANNING A NODE WITH DESCENDENTS WIIL NOT ONLY RESULTS
IN ALL THE DESCENDENTS BEING DESTROYED, BUT ALSO REDUCES
THE TOTAL NU1MBER OF NODES AVAILABLE FOR THE TREE STRUCTURE.
IN OTHER WORDS, THE TREE STRUCTURE WILL ONLY BE ABLE TO
CONTAIN SOME NUMBER OF NODES LESS THAN 10q IN IT. IF SPANNING
ON A NODE THAT HAS DESCENDENTS, PRUNE (USING THE PRU OPTION)
THE DESCENDENTS BEFORE SPANNING. THIS WILL INSURE THAT
ALL 100 NODES ARE AVAILABLE IN THE STRUCTURE.

ltlttttttltttttttl C A U T 1 0 N S tttetttsatt.,atst

PROMPT 1: SPAN NODES . . . ACLL S(ELECT
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SITUATION: This prompt determines where a new structure is to be son-

struoted (ALL) or now descendents are to be defined for

a specific node (SELECT).

ACTION REG: Depress the A or S key for the option desired. If

A(LL is selected, PROMPT 1-A will occur, alse PROMPT 1-U.

Depressing any other key will result in PROMPT I being

repeated.

PROMPT 1-A: DO YOU WANT TO BUILD A NEW TREE? (YIN)

SITUATION: This prompt is In response to the A key being depressed in

response to PROMPT 1. This Is a safeguard to prevent

Inadvertent destruction of a tree structure. A Yes

response will start building the tree. A no response will

result in &siting this option and a return to the MAIN.

MENU.

ACTION REO: Depress the Y or the N key in response to the prompt.

* - Depressing any other key will result in PROMPT I-A being

repeated. A Y response will result in SCREEN DISPLAY

PROMPT 1-8: ENTER... .NRH?

SITUATION: This prompt is in response to the S key being depressed

in response to PROMPT 1. The program is asking for the

specific node reference number to which the descendents

are to be added.

47
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ACTION RE: Enter the node reference nmbor and conclude with the

RETURN key. A valid NRN will result in SCREEN DISPLAY 2.

Entering an Invalid NRN will cause progran control to

return to the MAIN MENU.

I SCREEN DISPLAY 1:

MASTER

K! I 21

SITUATION: This display Indicates that a new structure is to be

developed.

ACTION REO: Enter the label of the toot node In box number I. If the

label is lose than 10 characters, depress the RETURN key.

Vhen box number I Is drawn, respond by depressing the

RETURN key.

4-



SCREEN DISPLAY 2:

PARENT NODE
i

DT.DHIH 41 NENT 02 ~ N ENT ;3

DESCENDENT 64 [DSEDET

CURRENT HUMBER OF NODES: nn

SITUATION: The parent node Is listed at the top of the structure.

The program will then draw the wire and the boa for

descendent I and wait until an entry Is made. After which

the program will draw the box for descendent 2 and so on.

CURRENT NUMBER OF NODES: nn, gives the current nuaber

of nodes presently in the structure and is inoremented

as nodes are added to the struot :e.

ACTION REO: Enter the label for a descendent and if less

than 10 characters, conclude with the RETURN key. If

no descendents are to be added or if the last descendent

has been added, enter DONE or depress the RETURN key when

the nest entry (i.e. next box is drawn) is asked for.
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SCREEN DISPLAY 2 will be tepe & fgo eab mods etared

until the entire tree structure has been entered. Ton

sn exit the option at any time SCREEN DISPLAY I i

shown by entering EXIT in the descendent boa. When

the final node label has been entered or EXIT has been

entered, the program will return control to the MAIN

NENU.

so-
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OPTION: STA (true STAtIstios)

USE: This option displays the current number of modes in the tree

struoture. the number of levels in the tree structure, and

the number of alternatives *valuated by the tree

struoture.

eettstettsttttett C A V T 1 0 N' sttttttstststtatt

There are no cautions associated with this option

eeseett eseettttt ee t C A V T 1 0 N a ttttteettttltttt

PROMPT 1: NUMBER 0 NODES nx
NUMBER Of LEVELS ni
NUMBER OF SYSTEMS nx

(ANT KEY) CONTINUE

SITUATION: nn represents various numbers whioh would Indicate

the number of nodes, levels, asd systems.

The output is paused so that the uset can esute the

various statistics with regard to the troe structure.

ACTION REG: After examining the data, press any key to oontiout.

The program, will return control to the MAIN MENU.
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OPTION: ITS (entering, adding, or deleting Systems)

USE: This is used to enter labels for the alternatives (systems)

"- being considered. These are later used to prompt the Igor

to prompt the user for values, and as part of various displays

and review formats.

aeseatettt e aasts C A U T 1 0 N ttteettuetetttt

1. USING THE N(EW SUNOPTION VILL NOT DESTROY ANY

INFORMATION THAT CURRENTLY RESIDES IN THE
-* DATA NODES. IT SIMPLY RELADELS THE ALTERNATIVE$

AND INCREASESIDECREASES THE NUMNER OF ALTERNATYES.

C_-"t CttltltCtttt C A U T 1 0 N t

PROMPT I: ACDD D4ELETE N(EV E(EIT

SITUATION: The user is asked to select a suboption. They are:

ADD add a new alternative to an existing list of

alternatives (see MESSAGE i and PROMPT 2).

DELETE delete an alternative to an existing list of

alternatives (see PROMPT 3 and MESSAGES I and 3).

NEW create a new $et of alternatives (up to a maslmum of

five) (see PROMPT 4 AND MESSAGES 4 an 5).

EXIT sit the option and return control to the XAIN MENU.

ACTION REO: Depress the A, D, N, or E key for the option leslred.

Pressing any other key will result in PROMPT being

repeated.
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* MESSAGE 1: MAX NUM3ER OF SYSTEMS EXCEEDED

SITUATION: The A key was depressed in response to PROMPT 1.

There are already five alternatives being evaluated against

the Current tree struoture. After the message is

presented, PROMPT I will be repeated.

PROMPT 2: ADDING SYSTEM

L11ELP

SITUATION: The A key has been depressed in response to PROMPT 1.

The oomputer Is now asking for the title for the

alternative that is wished to be added by the user.

- - ACTION REQ: Enter the title or name of the alternative to be

added. The title can be of any length; however, only

the first tan (10) characters will be used. Conclude

the entry by depressing the RETURN key. The computer

will respond with MESSAGE 2.

MESSAGE 2: USE WC FOR ENTERING VALUES AND
RECALCULATING TREE

SITUATION: This message is printed out to advise the user that

the user needs to enter values for the alternative

Just entered at all data nodes. In addition, the

user needs to recalculate the tree in order to obtain

correct results in subsequent reviews, displays, and

sensitivities. The program will return control to

PROMPT I.

. .-- 
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PROMPT 1: CURRZNT SYSTEMS .(ALTERNATIVE 01)

. (ALTERNATIVE IS)

INTfR SYSTEM TO BE DELETZO

SITUATION: The D key has been depresewd in response to PROMPT 1.

(ALTERNATIVE on) refers to the name of the alternative(s)

which art currently evaluated by the present ties

structure. The user is now asked to input the nae. of

the alternative (system) which is to be deleted.

In order to escape from this mode at this point, enter

an incorrect alternative name.

ACTION REO: Enter the name of the alternative, from the list given

in the prompt. Conolude entry by depressing the

RETURN key. If a correct alternative label is entered,

the program will respond with PROMPT I. Otherwise,

the program will respond with MESSAGE 3.

MESSAGE 3: SYSTEM NOT FOUND

SITUATION: The alternative entered in PROMPT 3 was not the same as

that listed in PROMPT 3. The pregram will return control

to PROMPT I of this option.

PROMPT 4: ENTER.. SYSTEM n LABEL?

4$4
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S SITUATION: The N key has been depressed In response to PROMPT I.

This option is used when developing a new tree struoture

where a several alternatives are to be entered at ono

and any old data is meaningless.

ACTION REO: Enter the name of the given system (alternative) and comelude

by depressing the RETURN key. The entry can be of any

length; however, only the first ten (10) characters wilt be

used. PROMPT 4 will then be repeated.

After entering the last system, and there &re less than four

'ailternatlvosbeing investigated, 'type DONE and deprsev the

RETURN key or press the RETURN key alone. MESSAGE'4 will

appear and oontrol will return to PROMPT I of this optt..

MESSAGE 4: NUN Of SYSTEMS a

SITUATION: Message tells the user how many systems (n) that were

entered.

MESSAGE 5: SORRY.. .YOU MUST ENTER AT LEAST ONE SYSTEM

SITUATION: The RETURN key was depressed or DONE was entered and

there were no systems (alternetives) entered.

The computer will respond with PROMPT 4.
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OPTION: TTL (TiTLe of the data etruoture)

USIC: This option elicits a title for later use as a

header to various output sunuaries.

aeeeaeetie metemt C A U T 1 0 N S

S -There are no cautions assooiated with this option.

C'-e.tetetttttttltett C A U T 1 o N S tttte tttttete

PROPY 1: ENTER A TITLI FOR THIS DATA STRUCTURE

SITUATION: The ooaputar is requesting that the user enters a

title for the current data structure.

ACTION RIO: Inter a title, oncoluding with the RETURN key. The title ean

be any length; however, only the first 60 characters will

." be retained.

* °+
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OPTION: VVC Weights, Values, and Caloulations)

USE: This option is used to acoess suboptions for enteriag

weights, enter valuations, or f(r)oaloulating Isuteior

valves.

tettettttsaeC e. T 1i 0 N 5

SEE SPECIFIC SUDOPTIONS FOR CAUTIONS

-Settttbete C A V T r 0 NIS tttttttttt5t

FROMPT 1: VVC: V(EIGHT V(ALUVS C(ALCULATE 9(11T

SITUATION: Th s initial prompt elito.ts a suboption whioh

Is to be selected.

VEIGHT Input weights to those nodes whioh have

descendents (see next page).

VALUE Enter alternative values at the data

nodes (see nest page plus one).

( CALCULATE Calculate the valuations for the internal

(branching) nodes. This is often cailed

'collapsing' the tree. A detailed discussion

of the CALCULATE soboption follows.

tZIT Exit the JVC option and return to the main

Menu.

ACTION REO: Depress the V, V, C, or E key to select the desired

option. Depressing any other key will result in

PROMPT I being repeated.
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SUIOP TIOM 'dIIICH?

USE: This subeptimn Input weights to those nodes which have

'.'deseude,'te.

*,ee llt ett C A U T I 0 N S *eeee llO

I. INPUT Of A NEGATIVE WEIGHT IS NOT DETECTED; HOWEVER. IT
VOULD INVALIDATE ALL THE CALCULATIONS WHICH USE IT.

22. ENTERING A ZERO FOR ALL WEIGHTS FOR ANY GIVEN NODE WILL RESULT
IN A PROGRAM PAILUIS.

3. THERE IS NO ESCAPE FROM THIS SUBOPTION IF A(LL IS SELECTED
UNTIL ALL NODES HAVE BEEN WEIGHTED.

meesatttttttte C A, V T 1 0 N S etttttee

PROMPT 1: WEIGHTS: AfLL S(ELECT

-. SITUATION: Elicits whether all nodes which have descendents

are to be selected or if a user selected node Is to

be shosera.

ACTION RIO: Depress the A or S key depending ov the option

desired. If A is depressed, PROMPT 3 and on vilI

occur. It any other key other than A or S Is

depressed, PROlIPT I will be repeated.

PROMPT 2: ENTER...NRN?

' a

* .. - . . - .. ._ . . .. '. .. .. .- , , , , , " , "" -



Vt.n..I I l : . .. . ... -..... , " " " "

SITUATION: The S(ELECT option has been seleoted and the program

is asking for a node reference number.

ACTION REG: Enter the *ode reference number and conclude with

'the RETURN key.

PROMPT 2A: NRN ENTERED 15 INVALID
(ANY KEY) CONTINUS

SITUATION: The node referene number elicited by PROMPT I i

set a nod* which bas descendents.

ACTION REG: Pross any key. The computer will respond with PROMPT 2.

PROMPT 3: OLD VTS NIVE TS NORMALIZED
DESCENDENT i 21

* DESCENDENT ON 11

SITUATION: The labels of the descendent nodes are listed &a well

as the current nornalised (i.e. the sus equals I) weights

multiplied by 100.

ACTION REO: Enter tt. relative weights among the descendents listed.

* Conclude %ach entry by depressing the RETURN key. Entries

need nat equal 100.

PROMPT 4: ARE THESE VEIGHTS OKAY? (YIM$

5
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SITUATION: The new weights have been normalised (sumed to Igo).

YoU are asked an to whether the weights entered are as

desired. A yes Ceponse will result In PROMPT S. A

so response will result in PROMPT 3 being repeated.

- ACTION RIO: Depress the T or N key. Conclude by depressing the

RETURN key.

PROMPT 5: ENTER RATIONALE FOR WEIGHTS
(MAE 60 LETTERS)

SITUATION: You are asked to enter any comments concerning the lust

inserted wethts.

ACTION RIQ: Enter any comments as desired. The entered rationale

may be up to 100 characters in length; however, only

the first 60 will be significant.

NOTE: IF A WAS SELECTED FOR PROMPT 1, PROMPTS 3 THRU 5 WILL BE
REPEATED UNTIL THE ENTIRE TREE HAS BEEN WEICHTED.

AT THE COMPLETION OF THIS SUBOPTION, CONTROL VILL BE
RETURNED TO OPTION WYC.

60
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SUIOPTION: V(ALVIS

USE: This subeption inputs values to the data nodes for eask

alternative.

seseeeaette C A U T I 0 N S lteettttttll

1. ALL NEV VLUES OF ALL ALTERNATIVES FOR THE GIVEN NODE ARE
SET TO ZERO.

-- 2 THE ONLY VAT TO SAVE NEV VALUES FOR THE NODE IS TO USE THE

9(XIT VALUE SUBOPTION.

3. THE USER MUST UNDERSTAND THE MEANING OF THE VALUES BEFORE

ENTERING THEM. VALUES CAN ONLY BE SCALED FROM 0 TO 100.

etttstteieae C A U T I 0 N S ettttttltttl

PROMPT 1: VALUES: A(LL S(ELECT

SITUATION: Elicits whether all nodes which have descendents are to

be selected or if a user selected node is to be ohosen.

ACTION REO: Depress the A or the S key depending on the option

desired. If A is depressed, the program will prosed

to the SCREEN DISPLAY. An S will result in PROMPT 2.

Any other key will result in PROMPT I being repeated.

PROMPT 2: ENTER.. .NRNP

SITUATION: The SELECT option has been selected and the program

is asking for a data node reference number.

ACTION R90: Enter the node reference number and conclude with the

D'I
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RETURN key.

PROMPT 2A: NRN ENTERED 15 INVALID
(ANY XEY) CONTINUE

SITUATION: The node reference number selected in response to

PROMPT 2 is not a data node.

ACTION REO: Press any key. The computer will repeat PROMPT 2.

SCREEN DISPLAY:

VALUE: A(BORT S(ACK EtZIT N(tXT (ESC)

OLD VALUE NEW VALUE

ALTERNATIVE 11111
OLD VALUE 00

NEW VALUE EZ I

PeiSITUATION: This display will appear for the solectel1 data node

if S was utepress in PROMPT I or for each data node in t~en

it A was depressed.

ism.



1. NODELAREL represents the title of the data node

that the alternative values are entered

for.

3. OLD VALUES represents in bar graph format the

current values of given alternatives

for the present node, Each alternative

has a distinctive color (orange.

violet, blue, green, or white) and

is Identified by Item 4 (below).

3. NEW VALUES represents In bar graph format, the

user supplied v0lu97 of given alternatives

for the present node. Each alternative

has its own color as in the OLD VALUE.

4. ALTERNATIVE lists the name of a gioen alternative

surrounded by its distinctive color.

.. OLD VALUE lists the nuieric value of the alternative

color bar in item %(above), and labeled

in Item 4 (above).

6. NEW VALUE Area where the user Inputs the new value of

the alternative. At the completion of the

entry (RETURN key), the appropriate color

bz- will be drawn to reflect the user

Input.
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OPTIONS UNDER VALUE:

A(lORT Aborts all ohanges made by the user

and rosaves the node with its original vslues.

The program will proceed to the nest node

or the VVC menu depending on the response to

PROMPT I of VALUES.

. ACK Cost baok to the immediate predeeding

alternative without changing the value of the

present alternative.

,E2IT Eit the present node, and save the alternative

values as indicated In the NEW VALUE graph.

(Item 3 above).

HNEXT Goes to the next alternative without updating

the value in the NEW VALUE bar graph (Item 3

above) for the present alternative.

(RETURN) depressing the RETURN key copies the value of

the OLD VALUE (Item 2 above) for the given

alternative to the NEW VALUE.

4ESC) depressing the ESC key will abort the VALUE

suboption regardless as to whether all nodes

or a selected node was requested. The program

.- 7 ,
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will return to the 'JVC Menu. The Rod& will

retain its old values.

(numbor)(RETURN) Etering a value and depressing the

RETURN key will result in the value of the

alternative being displayed In bar graph

format. Number greater than 100 will be

treated as IwO and number less than sere

will be treated as zeo.

ACTION REO: Depress the A, Z, E. N, RETURN, ESC key for the option

desired, or etetr the value and conclude with the RETURN

key. The value can be up to 10 chatactets long (including

the deoimal point$. Th, SCREEN DI.SPLAY will continue

to appear until the 9 or ESC key is depressed.

At the conclusion of the last node entry (conoluding

with the E key), the program will automatically return-to

the WVC menu.
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I,,SUNOPTION: C(aLCULATZ

USE: Calculate the value for the internal (branching) Nodes.

Collapses the tree. Resets warnings in Sain options SNg 2EV.

019, and .UN. Details of how the caloulat~ons are carried eut

can be found in the Programmer's Manual of this doeument.

I-
ttsttttsetee C A U T 1 0 N S 

There ace no cautions associated with this suboption.

* eceeseseesee ~C A V T 1 0 N A eeeeee

MESSAGE 1: CALCULaTING TRE.,

SITUATI(";: Message appears as tree is being collasped. Additional

periods (a.") are added to the message to Indicate

that calculations are still going on. At the completion

of the caloulations. control wilt be returned to

OPTION VVC.

-%I
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V. SAMPLE SESSION

The following few paragraphs will demonstrate the use of the DAS$

through a sample session. The objective of this session will he to

Install the hierarchical structure shown in Figure 1, conduct a

icumulative sensitivity analysis on the node SURVIVABLE, and then to ilt

the program.

During this presentation, the computer respouses will be prefixed

by COMPUTER:, while the user's response will be prefixed bl USER:. Any

side notes regarding specific, actions will be enclosed by parentheses.

In addition, entries which required the depressing of the RETURN key

will be indicated by the symbol (or).

After turning on the system, the user should depress the I key (to

esecute the program) and then type DASS and 2tpress the RETURN key.

COMPUTER: ENTER ... DISK NAME TO BE USED
(E.G. APPLE0)

USER: (or)

COMPUTER: PLEASE INSERT AND DEPRESS RETURN

" USER: (or)

COMPUTER: ENTER.. FILE NAME TO BE ACCESSED

USER: EZA (or)

COMPUTER: (CR) OR NEW

USER: NEW (or) (Create a new data file)

COMPUTER: ENTER ATTRIBUTE CHARACTERISTIC (REGRET OR VALUE)?

'7
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USER: VALUE (orl

COMPUTER: ENTER A TITLE FOR THIS DATA STRUCTURE

' - USER: BEST AIRCRAFT (or)

* COMPUTER: SPAR MODES. A(LL S(ELECT

U3ER: A

COMPUTER: DO YOU WANT TO BUILD A NEW TREE! (JIM)

USER: V

USER: REST*ACFT (r
COMPUTER:

MASTER

BEST ACY

* I

-- UER:BE.T FT.or

* * -]

- . 4 .. . . . .
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COMPUTER:

USER: PERFORMANCE (NOTE: the DABS only allows 10 haraoter

labels. It label$ are greater then 9

characters, do not depress the RETURN key3

COMPUTER:
BEST ACT

p ERTI ORHANC

USER: SURVIVABLE

COMPUTER:

DEST ACT* .9

PER-ORIA C SURVIVABLE

USER: COMBAT (or)

Ai
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COMPUTER:
BEST ACFT

PtFRkC SURVIVABLE COMBDAT

USER: (or)

COMPUTEIR:I" I PERFORMANC

USER: HI ALT (or) (The user then enters the remaining nodes
putting on desoendents as requested. The last
entry is stated below)

COMPUTER:

USER: (or).

COMPUTER: ATT DiS DON MOD NEV HUM PRU REV SEL
SEN SPA STA SYS TTL VVC

OPTI 1'

USER: SYS (0n')

* 70
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COMPUTER: A(DD D(ELETE N(EV E(ZIT

USER: It (ots ao (ot)

COMPUTER: ENTER... SYSTEM I LADEL?

USER: F-4 for)

COMPUTER: ENTER.. SYSTEM 2 LASEL?

USER: F-IS (or)

COMPUTER: ENTER.. .SSTS I LASEL?

USER: Foill (or)

COMPUTER: ENTER... SYSTEM 4 LABEL?

USER: (or)

COMPUTER: A(DD D(ELETt N(EV E(1IT

USER: z (Not. sg (or))

COMPUTER: ATt DIS DON MOD NEW NUN PRU REV SEL
SEN SPA STA SYS TTL WVC

* OPTION?

USER: WvC (or) (Enter weights, values and oalluilte tree)

COMPUTER: VVC: V(EIGHT V(ALUES C(ALCULATE EIXIT

USER: V (Eatet the relative weights on the spat.)

COMPUTER: WEIGHT: AfLL S(ELECT

USER: A

COMPUTER:

OLD WTS NEW WTS NORMALIZED
PERFORMANC 0

SURVIVABLE 0

COMBAT 0

USER: I (or)
2 (or)
-' (or)

,+I
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COMPUTBR:
OLD WTS NEV WTS NORMALIZED

PERFORHANC 0 1 &4
SURVIVABLE 1 2 39
CONIAT 6 4 5?

ARE THESE WEIGHTS OKAT (TIN)

USER: T (or)

COMPUTER: EZTER RATIONALE FOR WEIGHTS

USER: (or)

COMPUTER:

OLD VTS NEW WTS NORMALIZED
NI ALT I
LO ALT S

USER: .3 (or) (This demonstrateg any style of weighting sOhOme
.7 (or) earn be used. The progran does the normilisation)

COMPUTER:

OLD VTS NEW VTS NORMALIZED
HI ALT 0 .2 30
LO ALT 0 . 70

ARE THESE WEIGHTS OKAY? (TIN)

USER: T (or)

COMPUTER: ENTER RATIONALE FOR WEIGHTS

(MAE 60 LETTERS)

USER: (or) (The user then proceeds on and inserts the relative
weights on the last span: AIR-AIR, AIR-GND, and RECCE)

COMPUTER: WVC: W(EICHT V(ALUES C(ALCULATE E(XIT

USER: V (Enter alternative values of the attributes)

COMFUTEt VALUES: A(LL S(ELECT

- . USER: A
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* COMPUTER: VALUE: £1303? IIACK MIT1 NIEIT (150)

x m

OLD VALUE HIV VALUE

K..

ALTERNATIVJE r-4

OLD VALUE 0.

NEW VALUE

USER: 45.1 (or$

COVTPUER: VALUE: A£1ORT lACK (IT NIEXT (ESC)

~~NRMN:1 I I 11L

OLD VALUE NEV VALUE

ALTERNATIVE F-1S

OLD VALUE 0.0

NEV VALUE

USER: So (or)
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COMPUTER: VALUE: A(IOXT BCACX E(1IT N(EXT (E9C)

NRN:I II E 1
OLD VALUE NEV VALUE

ALTERNATIVE -111

OLD VALUE 0.0

NEW VALUE

USER: 30 (or)

COMPUTER: VALUE: A(BORT B(ACX EMRIT N(EXT (EC)

R:I I1

OLD VALUE fEw VALUt

ALTERNATIVE F-l -nOLo.AL. 0.0
OE VALUE

" USE :
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COMPUTER: VALUE: A(IBORT B(RCK E(ZIT I(EZT (5C)

NRN:I 1 2 O jLT

OLD VALUE NEV VALUE

ALTERNATIVE F-4

OLD VALUE 0.0

REV VALUE

USER: (Enters the worth values for all remaining nodes)

COjIPUTER: WVC: V(EIOHT V(ALUES C(ALCULATE EIE2T

USER: C

* COMPUTER: CALCULATING TREE ...........

VYC: W(EIGHT V(ALUES C(ALCULATE E(IIT

USER: E

COMPUTER: ATT DIS DON MOD ACY NU PRU REV SEL
*" - SEN SPA STA SYF TTL WVC

OPTION?

USER: NUM (or) (Conduct numeric review to get Node Reference
Number)

COMPUTER: A(LL S(ELECT

USER: A

COMPUTER: C(ONSOLE P(RINTER

USER: C

7Li



COHItsI AISCRA??

MODS 12? IWISUER LABEL REL wT Cumff

I EST PUKEI 1.00 1.0,
I I AfRo '24 .14
I I I 1IG14 ALT .20 .*4
1 1 2 LOW ALT .70 .10
1 2 SURVIVABLE .19 .29
1 3 COMBAT .5? .57
1 3 1 AIR-AIR .41 .14
1 3 2 AIR-CND .42 .24
1 3 3 R1cc! .14 .65

FPRESS ANY KtY TO coKTIXwi

Usta: (Depress the CRL snd A key s1.ultaueeuDly)

COIIFUTIR:
L&B9. F-4 F-Is V-111

BEST ?LANE4?.79 55.04 37.51

HIGH ALT 45.00 30.00 30.00

LOW ALT 30.00 10.00 55.00
SURVIVAZLESO0.00 40.00 40.00
COIsAT 50.00 43.57 34.2t
AIR-AIR 50.00 V0.00 20.08
AIR-G4D 50.00 20.00 40.00
RECCE 10.00 10.00 60.00

USER: (Depress the CTRL and A key visultansouslyl
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COMPUTER:

OPEBEST AIRCRAFT

NODE REF NUMBER LABEL REL VT CUWvT

I BEST PLANE 1.00 1.00
I I AERO .14 .14

I I I HIGH ALT .20 .04
I I I LOW ALT .70 .10
I Z SURVIVABLE .29 .29
1 3 COMBAT .s7 .57

1 3 1 AIR-AIR .43 .24
1 $ 2 AIR-GND .43 .24

1 3 2 RECCE .14 .08

PRESS ANY KEY TO CONTINUE

USER: (or)

COMPUTER: AT? DIS DON MOD NEW NUN P'U REV SEL

BEN SPA 9Th SYS TTL WYC

OPTION?I

USER: SEN (or) (SensLttvity &usyst$)

COMPUTER: SENSITIVITY: C)MWT R)ELJT V)ALUE E)IT

USER: c

COMPUTER: SENSITIVITY ANALYSIS FOLLOWS

NRN FOR WHICH CUKMT IS

TO BE PERTURBED
ENTER.. .NRN

USER: 1 2 (or)

COMPUTER: 1 2 SURVIVABLE
CURRENT NODE CUMVTr IS 0.29-

MINIMUM CUMVT (0-1.0) Is?

USER: 0 (cr)

COMPUTER: MAXIMUM cUT (0-1.0) Is?

USER: I (or)

COMPUTER: CUtdT: T)ABULAR G)RAPHICAL E)XIT

" 77
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USER: C

COPUTER: GRAPHIC: N(ORMAL E(IPANDED

USER: K

COMPUTER:
F-4 F-Ill

F-15

L1J
SENSITIVITY ANALYSIS 
FOR 5URVIVAZLE URN( 1 2

VALUE
o 20 40 60 t0 100

WI I I

.20 1 ------ I---- -.-- - I--- I -----

- " -- ------ -----

x .00 :------ -------------------Y .80 I--.....-I-..---i-----2------I-......-I

1.00 . . . . . . . . . . . . . . . .

USER: (or)

COMPUTER: CUMWT: T)ABULAR G)RAPHICAL E)XIT

USER: E

COMPUTER: ATT DIS DON MOD NEV HUM PRU REV SEL
BEN SPA STA SYS TTL VC
OPTIONI

USER: DON (Cr) (Computer now *sits the progria)
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1. IXTRODUCTIGH

This programerls manual i in support of the Decision Analysis

Support Slstem as described in the proceeding thesis and appendices. The

purpose Is to provide future analysts with Information pertinent to the

i program itself for modifications and improvements.

This program was written in USCO PASCAL as supported by the Apple

Il- iireoeoputer. Included in the program is computer color graphios

whieh Is an implemented feature on the Apple If.

lany of the comments and examples presented in this manual refer

to Figure 1. The programmer and interested readers are urged to reftr to

this figure when reading the following sections.

0.14 0.39 0.5T 7

PERFORMANCE SURVIVAIL CKA

0.3 00.43 0.4 0.14

71? LA AIR-AIR

Value
f-4 45.0 30.0 50.0 50.0 50.0 50.0
7-15 30.0 10.0 30.0 t0.0 34.0 10.0
T-111 30.0 55.0 40.0 20.0 40.0 60.0

Figure I Sample Tfree Structure

.......................
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I1. ARRAY STRUCTURES

The array struotures in this program follows that of the DASS

program put forth in the Applesoft BASIC program. There are three

primary arrays that are carried in internal memory. The names ore IRA!,

&RAT, and VRAY. The following paragraphs will describe each array and

provide appropriate row and column definitions.

A "ll. -rays ate %et up such that eah row, starting with row I#

represents a level in the structure. For example, If row two had node

data in it, that would Sean that that particular node was a level two

type node (I.*. first descendent from the root node). The only case that

this is not true is when PROCEDURE CROSS (in UNIT A) t aseouted. In

this prooodure, the arrays additionally hold a complete span of the tree

which contains the node which invoked the procedure.

Array IRA! Is a an It row by 6 column array housing the various

link pointers. The rows and columns are labelled starting with sore and

running to ten and five respectively. Each row represents a particular

nods with each column representing the node number, the location of the

node on its span relative to its brothers and sisters, the downlink

node, the crosslink node, the backlink node, and the backlink node.

Column sere represents the node number that is assigned to the

nods at the time of entry. Each node has a uniquely assigned node

. number. This number represents the record number of the disk file where

............... 7z .
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all nodes reside in mass storage. In addition, this node number IS used

in identifying dowalinks, orosslinks, basklinks, and uplinks in ariay

IRA?.

Colgan one :epresents the nodes position in the spen for tb

level the node is at. The very first nod* In the spant Is labelled one.

This Is used to identify the node going the node reference number system

(As described above and in the User's Manuel).

Column two represents the downlink node. The downlink node is

- that node which Is the first descendent to the node identified In oolun

sore. If there are no descendents to the node, the downlink will be

.,', snto.

Column three represents the orosslink node. The orosslink node is

that node which Is a slbllrg of the node. If the node does not have any

nore sibl'tng. the Orosslink will be zere.

Column four represents the backlink node. The baoklink node is

that node which eventually links the node back to the root node

(top-most node). The backlink can be either the parent node or a sibling

depending on the nodes position on the span. If the ntde in the first

node on the span (reading left to right), its baoklink node will be its

parent. If the node is on any other position, Its backlink node will be

its sibling on its immediate left.

Column five represents the uplink node. This column is not saved

on the disk file but is used in PROCEDURE SPAN in SEGMIENT PROCEDURE

DUMMY and the ulink node Is used in PROCEDURES NEXT and FIND In UNIT

3
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DASSA. It points to the node's parent. during node searob and node

spanning.

Array ARA? is the data array which houses the relative and

oumulative weights tot a nod. Relative weights refers to the relative

importanoe of the node to its siblings. All weights are between sere and

one, but the sum of the relative weights of all siblings on a given span

is equal to one. Relative weights are assigned using option WVC (see

Useros Manuel) which is found in SEGMENT PROCEDURE VVLOAD under

PROCEDURE RDVT.

Cumulative weights refer to the insact of the node to the overall

tree structure. This is particularly impo~tant in aooonplishing

- _~ _ - sensitivity analyses. The cumulative weights are calculated using

PROCEDURE CALC I SEGMENT PROCEDURE WLOAD. The actual calculations used

oin aloulating the tree coumulative weights) will be disoussed in a

later section.

Array VRAT is the data array which carries worth value

Informattion for the'alternatives. The VRAY array consists of five

columns each represent.ing an alternative under Investigation. Values.

inside this stray aro inputted directly into data nodes (the bottoa-nost

nodes in the tree structure) using option VvC (PROCEDURE RDV in SEGMENT

PROCEDURE VYLOAD). The values of nodes other than data nodes are

calculated using PROCEDURE CALC in SEGMENT PROCEDURE VYLOAD.

4
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i'll. Il . Disk File Structures

Two separate files are created and maintained for each tree.

structure developed by the DASS program. The first file called NODE (see

UNIT DASSA) contains the record for each node. In addition, tree

structure statistios and various titles are stored In this file. The

seond file., called SYSTEMS (also in UNIT DASSA) oontains the labels for

all the alternatives being investigated. The following few paragraphs

will doscribe the files In detail.

T- .a NODE, as indloated above contains record data for each node.

The rooor contains the label of the node (NODETITLE), the cell number

(CELLNUMBIR), the position the node is on its span (NRNDIIIT), its

.downlink node (DOVNLINK), its crosslink node (CROSSLINK), and its

baoklink node (IACKLINK). In addition, the record contains the node's

relative weight (RELVEIGHT) and cumulative weight (CUMVEIGHT), as well

as values of the alternatives for that node either calculated or

inputted (SYSTENVALUES ARRAYEI..52). Finally, each record contains a

comment ooncerning that particular node (RATIONALE).

For ease of programming, the node record number (used in various

GETs and PUTs throughout the program) is the same as the cell number of

the node. Thus, values of the various linking pointers (DOVNLINK,

CROSSLINK, and BACKLINK) can be used to GET the specified node directly.

In the case of APPLE It all random access files (of which NODE

I.'.5
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SYSTEMS are), the first record of the ile is labelled sore, the

It one, and so on. Sine the record number for the node to ale the

.Il number of the node, record sere is not used for the nodes

thoselvos. However. node sore it used to contain varlls tree

.itatistics and titles. The following paragraphs desoribe which global

variables are stored in record zero of file IZZNODS.DATA.

The NODETITLE variable contains the current attribute

characteristic contained in global variable LATTo whish is created whom

option ATT is e*orcised (PROCEDURE LD.ELkTTRIRUTES in SEMOENT PROCEDURB

DUWBY).

The CELLNUlER var-iable contains the value of the global variable

RHODES (number of nodes in the tree).

The NRNDIGIT variable in the reoord contains the current number

of levels contained in the tree structure. Levels as discussed

previously are the number of generations sminating from the root node.

including the root node.

The DO NLINK variable contains the current number of alternatives

(or systems) that are being investigated by the tree. The Information is

transferred to and from the global variable NSYS.

The CROSSLINX variable contains the condition of the tree

structure as identified by the global variable FLAG. If FLaG is

- non-sero, additions andlor deletions have been made to the tree

structure, and the tree has not boon re-calculated.

finally, the RATIONALE variable contains the title of the tree

. "~.- . ., .. . ". . .'. .,'.'. .. . . ""' L- : , m , , € . . . .
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* structure which Is obtained by option TTL (PROCEDURE READTITLE in

SEGMENT PROCEDURE DUMMY). The global variable TITLE contains the tzee

*.-+ structure title during program operation.

% Other variables In record 0 of file KXZNODE.DATA not mentioned

are currently not used and ace available for future usea

- Disk access of the nodes are conducted throughout the program;

however, node sore is only ac'essed at two points. The first point is

when the file Is first aocessed (PROCEDURE SXLECTFILE in SEGMENT

PROCEDURE DUlfY) and the second iS when thetfile is closed (PROGRAM DASS

or PROCEDURE SELECTFILE in SEGMENT PROCEDURE DUMMY).
I'..

.

While access to the nodes occur throughout the program, the

information transferred fre* the nodes to the holding arrays (IRAY,

ARAY, and VRAY) are all done via PROCEDURES NODEARRhYTODISK and

NODEDISKTOARRAY found in UNIT DASSA.

The second disk file used by the DASh program is called SYSTEMS.

its purpose is to contain the labels of the alternatives (systems)

currently being evaluated by the tree structure. The vatriable used in

the file is called SYSTEMNAME. Since the Iie is small (current

restrictions, due to the number of colors aveilable, iimit-the number of

alternatives to five), whenever a requirement for an alternative name is

required, the file is accessed (except in SEGMENT PROCEDURE WVLOAD where

the systems are read into an array SYS and used during loading values in

PROCEDURE RDV).

1
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IV. Sensitivity Analysis

The sensitivity analysis in this version of DASS not only

conduots variations for a particular node's cumulative weight, but slo

a models relative weight and if the node is a data node, the variation

of a value of a particular alternative. The following paragraphs will
Nt.

desoribe the models for the options above. The cod which Is used to

Implement these models are PROCEDURE CALCARRAY within SEGMENT PROCEDURE

SENSITIVITY.

Sensitivity an C-ultattv. eigtht

In this analysis, we ar.o examining the effect on the overall tree

("root" node) baped on a change In the cumulative weight on any node.

Note that the composite value of the "root" node for a given

alternative is:

VALUECROOT NODE) u CUMULATIVE VEIGHT(ATTRIBUTE) t VALUE(ATTRIBUTE)

all
attributes

In the analysis of cumulative weight, we -re Interested In

replacing a particular cunulaive weight of any node with a new weight.

Since the tree is normalized, we Lan calcqlatt a now Composite value.

The procedure is to remove the contribution of the node from the

S
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.root" node and replace it with a new contributed value. Note that the

contribution of any node to the overall "root" node is:

COTRIBUTIONiNODE) * CUMULATIVE VEIGHT(NODE) 5 VALUE(NDE,ALTERNATIVE)

Sine changing the oumulative weight of any node results in the tree no

longer being normalised, the tree, itself, must undergo a

transfornation. The transformation must be such that the transformed

tree's ousulative weight is equal to one minus the cumulative weight of

the perturbed node.

A single equation was developed to accomplish the above prooedure

for a given alternative:

NEV VALUE(ROOT NODE) * (VALUE(NODE) a NEW CUMULATIVE WEIGHT) +

[(I - NEW CUMULATIVE VEIGHT) I
(I - OLD CUMULATIVE WEIGNT(NODE))]

((VALUE(ROOT NCDE)
(VALUE(NODE) a OLD CUMULATIVE WEIG4T(NODE)))

Ell

Thus the prooedure to determine the change In the "root" value of

a given alternative given a change in a cumulative weight of some

attribute or objective is as follows:

(1) Pick a new cumulative weight of the node to be examined.

(2) For each alternative, determine the new "root" node value
for the alternative using equation [11.

• .. .
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For example, let's look at the effect of changing the oumulative

weight of node HI ALT eorm 4.042 to 0.6 on alterntitve F-4.

for alternatlve F-4:

VALUE(UEST ACFT,F-4) u 47.79

VALUERI ALT.F-4) a 45.00

for node HI ALT

CUMULATIVE WEIGHT(HI ALT) * 0.042

Using equation (I]:

NEW VALUE(BEST ACFT) -(VALUE(Hi ALT.F-4)t NEW CUMU!.ATIE VEIGHT)

((1 - NEW CUMULATIVE WEIGHT)/
(1 - CUMULATIVE vEIGHT(HI ALT)) *

(VALUE(BEST ACFTF-4) -

(VALUE(HI ALT,F-4) 5 CUMULATIVE WEIGHT(HI ALT))

(45.00 0 0.06) .

((1 - 0.04) I 11 - 0.042)) '

(47.79 - (45.00 * 0.042))

- 47.73

sensitivity on Relative Velaht

Vhat we are esamining is to see the change in alternat've values

at the "root" node based on a change of a relative weight on a span

I0



anywhere in the tree. Note that the "root" node Is the overall objeotive

of the tree struoture.

In performing the analysis, we need to look at how the values of

a node are caloulated. Nots that for any node, the value of an

alternative for that node is just the sus of the products of each

immediate depcendent alternative value and its relative weight or:

V&LUECPARENT NODE) RELATIVE WEIGHT(DESCEND MT)#VhLUD9SCZNDENT)

all

lanodlate CR2' , + "descendentsa

Thus we can say that a change in the relative weight of any uode

will only affect the value if the paret node. In addition, note that

the value of any node is only dependent on its own imediate desoendents

and not on the relative weight-of the node itself. Therefore, in

esanining a change of the relative weight of a node, the new alternative

values of its parent need to be calculated and substituted for the

incusbent values of the parent, This substitution will then effeot the

value of the "root" node.

Substitution of the new values into the "root" node, fortunately

Is straight-forward. Note that the value contribution of any node to the

"root" node is lust the product of its value multiplied L/ Its

cumulative weight or:

11
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NODE'S CONTRIBUJTION TO THE ROOT NODE *CUMUILATIVE WEICKT(NODK) 0
VALUE (MODE) CI

Since the cumulative weight of the parent is unchanged, the

change in the valuet of the patent tan be added to the "toot* node or:

NEW VAL'JE(ROOT NODE) *OLD VALUKIROOT NODE)-
(CUMUJLATIVE VEIGIIT(PARENa) OLD VALUE(PAIENT)).
(CUMULATIVE VEICNT(PARENT) *NEW VALUX(PARENT))

CU3

rA question arlis as to how to distribute the remaining relative

weight to the node's siblings. An arbitrary rule was made to keep the

relative weights of the uiblinfs at the same proportions as was to the

incumbent situation. For oeaple. let us have three obiective nodes A.

3, and C. Lot each of these objectives have the relative weights of 0.7.

6.2, and 0.1 respectively. If we vary the relative weight of A from 0.7

to 0.8. then node 3 will have a relative weight of 0.133 and node C will

' have a relative weight of 0.047. It we varied node A from 0.7 to 0.6.

node 8 will have a relative weight of 0.267 and node-C 0.133. Note that

the ratio of 3 to C Is unchanged in all cases.

Thus the overall procedure in examining the effects of a change

in a relative weight of a given node on the "root" node is:

(1) Pick a now relative weight of the node to be examined.

(2) flodistribute the remaining relativetw weights (that it one
sinus the relative picked in step (1)) among the node's
siblings,



. .. ...

i~I.

" (3) Recalculate the value of the node's parent using the new
-. relative weights selected in steps (1) and (2) using

" equation C2]. Note that the values of the nods and Its
i siblings are unchanged.

(4) Substitute the new value of the parent nods in piaoe of
its old value at the *root* node using equation [43.

For example, let us evaluate the Impact on alternative F-IS when

the relative weight of AIR-GRD ohanges from its incumbent relative

weight of 0.43 to 0.50.

After establishing the new relative weight for node AIR-COND,

compute the new relative weights of nodes AIR-AIR and RECCE using the

relative weight of AIR-GND of 0.50 and saintaining the old proportion

between AIR-AIR and RECCE. We oan determine the appropriate values

through the following equation:

OLD RELATIVE WEIGHT (SIBLING)
" NEW RELATIVE WEIGHT(SIBLING) a

(I - OLD RELATIVE WEIGHT (NOE))

(I - NEW RELATIVE WEIGHT (NODE))

Thus for node AIR-AIR:

OLD RELATIVE WEIGHT (AIR-AIR)
NEW RELATIVE WEIGHT(AIR-AIR) ,

( - OLD RELATIVE WEIGHT (AIR-GND))

(I - NEW RELATIVE WEIGHT (AIR-GND))

13
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6.43
• ---- ' (1-0.50)

(1-0.43)

and for RECCE:

" 0.14

NEW RELATIVE VEIGHT(RECCE) " - 5 (1-0.50) a 0.125p.. (1-0. 43)

The ne step is to calculate the now value of AIl-CND's parent,

SCOBtIAT using the new relattive weights caloulated above using equation

"23 for alternative F-15:

NEW VALUE(CONIATF-15) a RELATIVE VEIGHT(AIR-AIR) * VALUECAIR-AIR.P-15) +

RELATIVE WEIGHT(AIR-GND) 9 VALUE(AIR-CND,F-13) +

RELATIVE VEIGT(RECCE) a VALUE(RECCEF-15)

* 0.377 * 90 . 0.50 2 20 . 0.123 8 11

* 45.16

The final step is to substitute the new value Just calculated for

COMBUAT into the *t oot" node, BEST ACFT. Using equation 14):

14
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a

NEW VALUS(!EST ACFT) * OLD VALUSIBSST ACFT.F-15) -

CUMULATIVE VZIGNT(COMBAT) * OLD VALUE(CONIAT.F-lS)

CUMULATIVE VEIG"T(COtSAT) * NEV VALUX(CONBAT,7-13)

. 55.94 - 0.57 ' 48.57 + 0.57 a 45.16

Therefore, the change tn the value of alternative f-IS in the.

obJective lST AC!T given a change in to relative weight of node AIR-GND

I froo 0.43 to 0.50 is 53.0,.

1

Sen sitivity on Attribute Value

- The obJective in thl; senitivity analysis io to @gamine the

effect varying an attribute alternative value on the "root" node.

In this analysis note that varying a value of &n alternative does

not ffleet the values of any other alternatives (independenee among

-alternatives). In addition, note that changing values does not effect

the tree struoture in either the oumulative or relative weights.

Therefore, a change in the "root" node can be experienced enly for the

a alternative varied and then by the amount of the cusulative weight of

the attribute or:

Is

S I....._........ ............... ........- --
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REV VAL'JI(ROOT NODE.ALTSRNATIVE) u OLD VALUEI(ROOT NODEALTERNATIVEI) -

CUMULATIVE VEIGHT(ATTRIBUTZ) t

INCUMBENT VALUE (ATTRIIUTE.ALTERNATIVE) *

CUMULATIVE WEIGHT(ATTRIBUTE) 2
NEW VALUE (ATTRIBUTEALTERNATIVE) . SE

Note that varying the value of an alternative for an attribute

OilV effects the value of the "toot" nos tot that alternative &ad the

values of the "toot* nods for all other alternatives are unchanged.

Thus the procedure in seamining the effects of changing an

alternative value for a given attribute Is:

(1) Select a new value of the attribute for a given alternative.

(2) Calculate the new value of the "tootando for the
given alternative using equation C4.3. All other
alternative values for the "root* node will remain
unchanged.

For esample, let us lookrat the effect on the value of alternative

F-Ill at the overall obJective BEST ACFT when alternative F-l11

changes value at node SURVIVABLE from 40.0 to 60.0.

Using equation [5:

16

C

, . . ,.; .
..C .- . .- '

-
- -. -. .. -. * , . . ...



P ."

NEV VALUE(IEST ACFTF-IIl) - OLD VALUE(SEST ACFT,F-l1l) -

CUMULATIVE VEIGHTISUNVIVABLZ) 0

OLD VALUE(SURVIVABLEKo-Il *)

CUMULATIVE VEIGT(SURIVIAULK) 0
NEW VALUE(EURVIVAELEF-111)

* 3?.I1 - 0.Z 3 40 + 0.29 60

* 42.61

Thus a ohange In the value of the alternative F-Il at nede

SURVIVABLE from 40 to 60 ohanges the value of the "root" node BEST ACFT

from. 3?.81 to 43.61.

V1
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V. Hierarchy Maniulation

PROCEDURES NODIN and FINUD

These procedures (found in UNIT DASSA) are used to elicit a

. " smingle node (by URN) from the user, and find that nod*. If the seleoted

node does not exist the routines will find the node which is closest in

the data structure to where the Input node would be. Host options (with

the ecaption of OD) will interpret the non-emIstence of a node as an

Indication that the user is finished with the option, and will return

program control to the program unit which called that option. In the

ease of option NOD (SEGMENT PROCEDURE MODPRU). additional branches and

modes will be added to match the node entered by the user.

PROCEDURE NODIN. The routine NODIN merely reads in the user

selected node reference number. If the user entered an HR1. then NODIN

will call FIND to search for that node.

PROCEDURE FIND. FIND searches the tree for a match to the input

node. This is accomplished through a modified breadth-first search.

- Starting with the top level, a cross' nk search is conducted for an NRN

digit match at each level. Failure to find a match at a level indicates

that the input node should be added as a new crosslink at that level. If

a match is found, the next level down is searct.ed for the next input NRN

digit. I-f there is no downlink path, then the routine is terminated.

Figure 2 psovides an example of the PROCEDURE FIND

IS!
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routine given that the NRN provided from PROCEDURE NODIN was 1,3.2.

These routines are used extensively by othe options within the

program, where the user must seleot a single node.

PROCEDURES PRXENE. PRITOT. and NET.

Those preoadures (found in UN)4IT DASSA) are used by DAIS to

sequentially traverse the tree struoture. PROCEDURES PRENEI and FRITOT

are used to Indicate whore the traversal Is to start: at the "rootO node

- in the case of PROCEDURE FRZTOT, or at any descendent node in the *ase

of PROCEDURE PREMIX. The actual traversal is accomplished by PROCEDURE

NEXT.

PRCCEDURE PRENEX. This procedure elicits a MRM from the user

using PROCEDURE NODIN as described above. If a valid NRN is entered, the

procedure starts the traversal at the node entered, and cause PROCEDURE

NEXT to traverse only its descendents (sets ITOTL equal to one).

PROCEDURE PRETOT. This Vrocedure aos&ss the array pointers (LVL)

to be reset to the top of the arttays pad sets the appropriate flags for

an entire tree traversal (ICONT, NDIFF, and ITOTL equal *v one).

PROCEDURE HEXT. This prooeduze tours the hierarchical structure

- . starting at locations specified by PROCEDURES PRETOT or PRENEI. The

- algorithm used is Captain Morlan's it.proved version which was as

described in his Technical Report. The basic flow is shown in Figure 3.

''* 20
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PROCEDURE SPAN

This procedure (found in UNIT DASSA) allows the user to quiokly

create a tree structure. The user enters the ammediato descendents of

selocted nodes. If no descendents are to be added. the procedure will go

to the next sibling and ask for descendents. If there are no siblings

left, the procedure will go up one level ask for descendents to the nest

-" parent's sibling. Figure 4 shows the logic option for the procedure.

At the current Enter all
node In the t.e children nodes'
depth-firstIn tourIII

Ent al teparent node
En"terall the cell data
children nodes (i.e. add-downl ink)

Continue the Add one lovel
depth-first and add first
tour (see descendent '

Figure 3)

At the same
level. add Znd
3rd, eto.
descendents

Figure 4 Flow Diagrta of PROCEDURE SPAN

2
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PROCEDURE CALC

The calculation of composite values (collapsing) lot the

hierarchy is accomplished through a modified depth-first toor. The tree

is examined breach by branch (that is, a path from the OrootO node to an

attribute) and the cumulative weights are calculated. Values based on

* the attributes are then computed and assigned to the appropriate nodoi.

The log.o for this prooess is shown in figure 5. for example, the first

branch that would be examined would be DEST ACFT - PERFORMANCE - HI ALT.

The prooedure would then oacoulatte the cusulative weight of each node

following the following equation:

CUMULATIVE VEICHT(NODE) uCUMUJLATIVE VEICHT(PARENT) e

RELATIVE VEIGHT(NOOE)

The resulting cumulative weights would be BEST ACFT 1.0, PERFORMANCE

0.14. and H41 ALT 0,042.

The value of the alternatives ato then multiplied by the

ouuulativv weight of the upper nodes. This provides the actual value

oontributloas of the attributes to all parents. For example, let us

calculate the value of the contribution of attribute HI ALT to the

rtoot" node REST ACFT and intermediate node PERFORMANCE for alternative

F-4.

23



For VEST MODE:
CONTRIBUTION OF II ALT (CUMULATIVE VEICHT(MI ALT)/

TO BEST ACFT CUMULATIVE VIIGT(BEST A:FT) 

VALUECHI ALTF-4)

'userioal1y:

CONTRIBUTION OF HI ALT * (0.04211.00) ' 45
TO BEST ACFT

*1.59

Fot PERFORMANCE:

CONTRIBUTION OF HI ALT * (CUMULATIVE WEIGHT(HI ALT)/
CUMULATIVE VEIGHT(PERFORMANCE) •

VALUE(HI hLT.F-4)

" (0.04210.14) '45

* 13.5

. .2

24
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aF each node visited ina

depth-first tour - j

Calculate the cumulative weight o the
node, as the product of Its relative

.... weight and the cumulative weight of
Its parent node. (The cumulative weight
of the "root" node is 1.0)

is no Clear value.;"

Nor all N
ATTRIBUTEalternatives

NODE at this node

For each level above the current node
for each alternative, add the product

of the cumulative weight at this node
and the value of that alternative at
this node to the value at the upper
levels (modifying as required)

L Write the data call to mass storage

For each level up, until one is found
which will remain after the call for

the next node in the tour, write the
cell's information to mass ntorage

Figure 5 Collapsing the Hierarchy

25
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- 'VI. Variable Lisl

This section describes the global variable list which contains

variables available to all units and segments in the dass program. These

variables can be found in UNIT DASSA In the program listing.

GLOBAL VARIABLE LIST

ANSWER STRING VARIABLE USED TO CONTAIN USER RESPONSES
TO VARIOUS NON-SINGLE LETTER PROMPTS.

ARAY REAL ARRAY USED TO CONTAIN THE RELATIVE WEIGHTS
AND CUMULATIVE WEIGHTS OF THE BRANCH OF THE TREE
STRUCTURE CURRENTLY RESIDING IN THE ARRAY

*--CH CHARACTER VARIABLE WHICH CONTAINS VARIOUS RESPONSES
FGR COMPUTER PROMPTED QUESTIONS AND MENUS

CHU STRING VARIABLE WHICH CONTAINS THE INPUTTED
COMMAND OPTION IN RESPONSE TO THE MAIN MENU

COMMENTSTRING STRING VARIABLE WHICH CONTAINS THE NUMBER OF
BLANKS EQUAL TO THE CURRENT MAZIMUM COMMENT SIZE

DISKNAME STRING VARIABLE WHICH CONTAINS THE DISK NAME (VOLUME
NAME) OF THE DISK WHICH CONTAINS THE NODE AND ALTERNATIVE
DATA SETS FOR THE TREE STRUCTURE

FILENAME STRING VARIABLE WHICH CONTAINS THE APPLE I! DISK
FILE NAME HOUSING THE NODE INFORMATION FOR A-TREE STRUCTURE

iZi

I

. ..............................



FILEOFSYSTEMS STRING VARIABLE WHICH CONTAINS THE APPLE II DISK
FILE NAME HOUSING THE NAMES OF THE ALTERNATIVES FOR A TRE

STRUCTURE

FLAG INTEGER VARIABLE WHICH IDENTIFIES WHETHER ADDITIONS

&NO DELETIONS FOR NODES AND ALTERNATIVES HAVE BEEN MADE AND

THAT THE TREE STRUCTURE HAS OR HAS NOT BEEN (RE)CALCULATED.

IF THE FLAG IS SET, WARNING MESSAGES WILL OCCUR IN OPTIONS

DIS, REV, NUN (SEGMENT PROCEDURE HUM) AND OPTION SEN (SEGMENT
PROCEDURE SENSITIVITY).

o a TREE HAS BEEN RECALCULATED
1 a TREE HAS NOT BEEN RECALCULATED

I INTEGER VARIABLE WHICH IS USED AS A GENERALIZED
COUNTER USED THROUGHOUT ALL THE PROGRAM.

ICONT FLAGS WHETHER TO CONTINUE OP NOT IN TRANVERSING

TREE CREATED BY PROCEDURES PRETOT, PRENER, OR NEXT GROUP OF

ROUTINES TO TRANVERSE TREr.
0 * DO NOT CONTINUE WITH PROCESSING
I * CONTINUE PROCESSING

IFADO FLAGS RELATIONSHIP OF IFIND NODE TO INPUT NODE,

I a IFIND IS PARENT TO INPUT NODE
3 a IFIND IS BROTHER TO INPUT NODE

h IND POINTS TO CELL CONTAINING THE TERMINAL Of THE
N BRANCH OF NODES WHICH MATCH THE INPUT NRN VECTOR.

IRAT INTEGER ARRAY WHICH HOUSES A BRANCH OF THE

TREE STRUCTURE AND CONTAINS THE NOVE NUMBER,
POSITION OF THE NODE ON THE SPAN, DOWNLINK,
CROSSLINK. BACKLINK AND UPLINK

ISTR STRING VARIABLE AUXILIARY TO STRING VARIABLE
ANSWER CONTAINS USER INPUTTED RESPONSES TO VARIOUS NON-SINGLE
LETTER PROMPTS.

ITOTL FLAGS TYPE OF TREE TRANVERSAL
0 * NOT k TOTAL TREE TRAVERSAL

27
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I

I u TOTAL DOWN NODE TRAVERSAL (FROM
INPUT NODE ON DOWN)

L INTEGER VARIABLE WHICH IS USED AS A GENERALIZED
*.- COUNTER USED THROUGHOUT THE PROGRAM.

.1

LABELSTRINC STRING VARIABLE WHICH CONTAINS NODE LABELS
AT THE TIME OF ENTRY (PROCEDURE SPAN IN SEGMENT PROCEDURE

DU),T)

LATT CONTA!NS THE LABEL FOR THE ATTRIBUTES (REGRET
OR VALUE)

LVL LENGTH OF LEVEL NURN VECTOR (FROM FIND). ALSO
USED TO DETERMINE THE CURRENT DEPTH Of THE BRANCH CURRENTLY
IN THE ARRAYS.

NCROSS INTECER VARIABLE WHICH CONTAINS THE NUMBER OF
NODES ON A GIVEN SPAN. USED IN PROCEDURE CROSS (UNIT D&SS&
AND THOSE ROUTINES WHICH USE PROCEDURE CROSS (PROCEDURE DISPLAY

(SEGMENT PROCEDURE NUN) AND SEGMENT PROCEDURE SENSITIVITY).

NDEEP THE DEPTH OF THE TREE STRUCTURE
(MAXIMUM NUMBER OF LEVELS. MAIMUM NLVLS). SET BY
CALC (PROCEDURE SEGMENT WVLOAD).

NDIFF NUMBER OF LCVELS NOT HATCHED IN NRNVECTOR
(LENGTH INPUT VECTOR) - (LENGTH OF IFIND VECTOR)

NFLAG FLAG WHICH INDICATES WHETHER OR NOT AN
OPEN DISK FILE IS PRESENTLY OPEN. USED IN PROCEDURE SELECTFILE

IN SEGMENT PROCEDURE DUMMY.

NLVLS CONTAINS THE LENGTH OF THE INPUT NRN VECTOR
(LEVEL)

NNODES NUMBER OF NODES IN TREE

23



NODELABIL STRING ARRAY USED TO HOUSE THE TITLES Of VARIOUS
NODES CURRENTLY RESIDING IN ARRAYS IRAY. AlA!. AND VIA!.

MRMVECTOR CONTAINS THE INPUT NiX VICTOR (NUMBERS)

NSYS NUMBER Of ALTERNATIVES (SYSTEMS TO 31 CONSIDERED

OLOCELLNUM INTEGER VARIABLE USED IN PROCEDURE SPAN (SEGMENT
PROCEDURE DUMMY) WHICH CONTAINS PRIOR CELL iNfORMATION
IN THE CONSTRUCTION OF THE TREE

GVESTION STRING VARIABLE WHICH CONTAINS TV PROMPT
* FOR WHICH A USER RESPONSE WILL ON RlaUIRED

* 1 RCORDID INTEGER VARIABLE HOT USED

TITLE STRING VARIABLE WHICH CONTAINS THE TITLE
Of THE TREE STRUCTURE

VRA! REAL ARRAY WHICH CONTAINS THE VALUES Of THE
ALTERNATIVES FOR GIVEN MODES FOR THE BRANCH CURRENTLY
RESIDING THE ARRAY



SEGMENT VkSIkILES

This seotion dinoussev all Total variables that at* %na is

the program. Note that segments are enclosed by asterisks and

legal prooeaureu within the sequent are labelled by Lading and trailing

asterieks.

, UNIT DASSA

iliae PROCEDURES NODEDISKTOARRAY, NODEARRAYTODISK ttttt

I INTEGER COUNTER USED TO LOAD ALTERNATIVE VALUES TO OR
FROM VRAY TO DISK FILES

I INTEGER ARCUMENT WHICH SPECIFIES WHICH ROW IN ARRAYS

IRAY, ARAY, AND VRAY THE DATA IS GOING TO OR CONING FROM

titl PROCEDURE NEIT tweet

Z INTEGER USED TO HOLD CURRENT VALUE OF LEVEL IN ARRAYS
IRAY, ARAY, AND VRAY

tutlt PROCEDURE FIND ale

COHTFLAG IAITEGER FLAG WHICH IS RESET WHEN THE INPUT NRN DOES NOT
MATCH THE CURRENT BRANCH IN ARRAY IRAY BUT A SIBLING

E1ISTS

30
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. INTEGER VARIABLE USED AS A TREE LEVEL INDICATOR

QUITFLAC INTEGER FLAG WHICH EXITS PROCEDURE FIND
1 0 END PROCESSING
0I a CONTINUE PROCESSING

e ta" PROCEDURE NODIN *tere

I INTEGER COUNTER

VAL STRING CONSTANT CONTAINING ALL PERMISSIBLE ELEMENTS THAT
CAN BE IN AN NRK

I STRING VARIABLE USED TO EXAMINE THE USER ENTERED NRN

ELEMENT BY ELEMENT

2S*re PROCEDURE INTTOSTRING ttSt

I INTEGER ARGUMENT WHICH IS INTEGER TO BE CONVERTED INTO
STRING TEXT

ILOHG LONG INTEGER TO CONVERT VARIABLE I (this procedure) INTO

A STRING

FUNCTION STRTOREAL

FLAG INTEGER FLAG
0 a EXAMINE TEMP AS A TENS DIGIT
I a EXAMINE TEMP AS A TENTHS DIGIT

I INTEGER COUNTER

' " 31
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ISTR STRING INPUT ARGUMENT

K INTEGER VARIABLE WHICH STATES THE NUMBER Or PLACES
TEMP IS TO THE RIGHT Of THE DECIMAL POINT

*.-.-. -INTEGER COUNTER

TEMP STRING VARIABLE CARRYING A SINGLE Of STRING ISTR (this

p prooedure)

TENS REAL VARIABLE CONTAINING THE NUMERICAL VALUES Of THE TENS
DIGITS IN VARIABLE ISTR (this prooedore)

TENTHS REAL VARIABLE CONTINUING THE DECIMAL VALUES Of THE
TENTHS DIGITS IN VARIABLE ISTR (.this prooodure)

VAL STRING CONSTANT CONTAINING ALL PERMISSIBLE ELEMENTS

THAT CAN BE IN A NRN

REAL VARIABLE TRANSLATING THE POSITION OF TEMP (this

"tocature) IN VAL (this procedure) INTO A NUMBER

-' at"t't PROCEDURE CROSS tCSSO

L INTEGER VARIABLE WHICH IS A STORAGE VARIABLE FOR
VARIABLE LVL (s. GLOBAL VARIABLES)

-- 32
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S.EGENT PROCEDURE DUMN Y
* a

CONTROL USED BY PROCEDURE GRAPHICS TO INDICATE WHICH WIRE

BLOCK (1..5) 15 TO BE DRAWN

"ttt PROCEDURE GRAPHICS "ti

-- ANS STRING VARIABLE WHICH HOLDS THE INPUT CHARACTER FOR
FURTHER PROCESSING (STRING OPERATIONS CANNOT BE DONE

ON VARIABLE CHAR)

" J INTEGER VARIABLE USED TO HOLD THE NUMERIC ASCII VALUE OF

A CHARACTER

',1 INTEGER VARIABLES USED AS SCREEN COORDINATES FOR GRAPHICS

222t6 PROCEDURE LABELS ti"

IY INTEGER ARGUMENTS WHICH INDICATE THE LOWER LEFT-HAND

CORNER WHERE CHARACTERS ARE TO BE DISPLAYED

it INTEGER HOLDING CELL FOR VARIABLE I (this procedure)

"'i' PROCEDURE DRAVBLX "tt

Zy INTECER ARGUMENTS WHICH INDICATE THE LOVER LEFT-HAND

CORNER WHERE THE NODE BLOCKS ARE TO BE DRAWN

33
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SEGMENT PROCEDURE WVLOAD

iNS STRING VARIABLE WHICH HOLDS THE INPUT CHARACTER CH
(see GLOBAL VARIABLES) FOR FUTURE STRING OPERPTIONS

CHI CHARACTER VARIABLE WHICH CONTAINS RESPONSE TO VARIOUS
OPTION WYC SINGLE CHARACTER RESPONSE PROMPTS

COLOR ARRAY USED TO IDENTIFY COLORS USED IN DISPLAYS

EXITFLAG INTEGER FLAG USED TO INDICATE NORMAL EXIT FROM PROCEDURE

J,K,L INTEGER VARIABLES USED AS'COUWfiERS AND ARRAY INDICES

LABELI STRING VARIABLE WHICH CONTAINS 'WEIGHTS' OR 'VALUE'
DEPENDING ON THE SUB-OPTION SELECTED. USED IN OUTPUT
DISPLAYS

OPT CHARACTER VARIABLE WHICH CONTAINS USER INPUT SUB-OPTION
UNDER OPTION WVC

PPOS INTEGER VARIABLE WHICH CONTAINS THE CURRENT ".AT,
BEING DISPLAYED (I FIRST ALTERNATIVE, ETC)

. Y INTEGER VARIABLES WHICH ARE USED AS THE SCREEN COORDINATES
FOR GRAPHICS. THEY OFTEN INDICATE THE LOWCR LEFT-HAND
CORNER FOR CHARACTERS, BARS AflD BOXES

- INTEGER VARIABLE CONTAINING THE ABSOLUTE LEFT MARGIN
OF GRAPHICS SCREEN. USED IN IhTERACTIVE GRAPHICS

VRAY1 REAL ARRAY WHICH CONTAINS THE INPUTTED NEW VALUES

54 _ _ _ i i3-
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OF ALTERNATIVES FOR A SPECIFIED ATTRIBUTE. LOADED
INTO VRAY (see GLOBAL VARIABLES) WHEN SUD-OPTION VALUE
IS EXITED NORMALLY

" ttPROCEDURD DRAlBAR *tttt

A's INTEGER ARSUMENT'REPRESENTING THE I AND Y SCREEN COORDINATES
OF A COLOR BAR

C INTEGER ARGUMENT REPRESENTING THE ALTERNATIVE (I-FIRST

ALTERNATIVE, ETC)

V REAL ARGUMENT REPRESENTING THE WORTH VALUE OF THE
ALTERNATIVE SPECIFIED BY VARIABLE C (this procedure)

"3ttt PROCEDURE SQUARES "Itts

A, INTEGER ARGUMENTS REPRESENTING THE I AND Y SCREEN

COORDINATES OF THE LOWER LEFT-HAND CORNER OF NODE
BOXES

"'5't PROCEDURE RDWT ""tt3

INT INTEGER VARIABLE CONTAINING TRUNCATED RELATIVE WEIGHTS
MULTIPLIED BY 100

J INTEGER COUNTER AND ARRAY INDEX

LR REAL VARIABLE USED AS THE SUM OF ALL INPUT WEICHTS FOR
-a- NORMALIZATION

'.° 3
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- PROCEDURE CALC

N UITfLAG INTEGER FLAG Va'1C1 IS SIT TO ONE WHEN A BRANCH4 OF A Till

' °-

Z REAL VARIABLE WHICH CONTAINS INTERMIEDIATE MODE VALUE&

I a

.-t SEGMENT ROCE D R NUN t

CHI CHARACTER VARIABLE WHICH CONTAINS RESPONSES TO OPTION
NUM SINGLE CHARACTER RUTVP PROMPTS

r FILE Of CHARACTERS USED AS AN OUTPUT BUFFER TO THE CONSOLE
OR THE LINE PRINTER

J INTEGER COUNTER AND ARRAY IN(DEX

OUT STRING VARIABLE -NOT USED

""PROCEDURE DISPLAY "

IJ,XL ;NTECER COUNTERS AND INDICES

am PROCEDURE DISPLAYI aa

1,J.KL INTEGER COUNTERS AND INDICES

3'



PROCEDURE DISPLAY2 tre

CONTROL INTL.LR VARIABLE WHICH CONTAINS THE NODE DIGIT VALUE

OF A DESCENDENT DURING GRAPHICAL DISPLAY

FLAG2 SPECIFIES PARTICULAR GRAPHICAL DISPLAY PACKAGE

I a DESCENDENT DISPLAY (BARS UNDER NODE 301)
2 a PARENT DISPLAY (BARS TO THE RIGHT OF NODE 301)

I a LEGEND

J INTEGER COUNTER AND ARRAY INDEX

..y INTEGER SCREEN COORDINATES FOR A VARIETY OF GRAPHICAL
ITEMS. FOR BOXES AND CHARACTERS, THEY REPRESENT THE

LOWER LEFT-HAND CORNER

PROCEDURE SYSBL r

CONTAOLI INTEGER VARIABLE WHICH IDENTIFIES ALTERNATIVES DURING
COLOR BAR PR!TOUTS

1i INTEGER VARIABLE WHICH CONTAINS THE SCALED HEIGHT
OF COLOR BARS (45 VERTICAL SCREEN LINES IS 100 IN

ALTERNATIVE VALUE)

" SEG?.NT PROCEDURE SENSITIVITY

CHI CHARACTER VARIABLE WHICH CONTAINS RESPONSES TO SENSITIVITY
SINGLE CHARACTEL RESPONSE PROMPTS

DELTA REAL VARIABLE CONTAINING THE INTERVAL SIZE BETWEEN THE
"ROOT" NODE VALUE AXIS (Z-AXIS) ON THE SENSITIVITI GRAPH

37
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I.J,,L INTEGER COUNTERS AND ARRAY INDICES

INDI INTEGER CONTAINING NODE DIGIT OF NODE WHEN RELATIVE
WEIGHT SENSITIVITY ANALYSIS IS CONDUCTED

MAX RgAL VARIABLE CONTAIMING THE MAXIMUM VALUE OF ALL THE
ALTERNATIVES FOR THE ENTIRE SENSITIVITY ANALYSIS IF
EXPANDED GRAPHICS IS EXERCISED. ELSE 100

MIN REAL VARIABLE CONTAINING THE MINIMUM VALUE OF ALL THE
ALTERNATIVES FOR THE ENTIRE SENSITIVITY ANALYSIS IF
EXPANDED GRAPHICS IS EXERCISED. ELSE 0

SENS STRING VARIABLE WHICH CONTAINS THE TYPE OF SENSITIVITY
ANALYSIS BEING CONDUCTED (CUNWT, RELWT, OR VALUE)

. - SYSNAME STRING VARIABLE HOLDING ALTERNATIVE NAME WHEN VALUE
SENSITIVITY IS INVOKED

SYSNUM INTEGER VARIABLE HOLDING SYSNAME (this procedure) POSITION
IN THE SYSTEM RECORD FILE (see GLOBAL VARIABLES)

V REAL VARIABLE NOT USED

WDELTA REAL VARIABLE WHICH CONTAINS THE STEP SIZE OF THL PERTURBED
VARIABLE (CUMLATIVE WEIGHT, RELATIVE WEIGHT nR ATTRIBUTE

VALUE)

WHOLD REAL ARRAY HOLDING ALTERNATIVE VALUES BY ALTERNATIVES
IN COLUMNS AND 11 VARIABLE PERTURBATIONS (CUMULhTIVE WEIGHT,
RELATIVE WEIGHT, OR ATTRIBUTE VALUE) IN THE ROWS. ROW 0
HOLDS THE MINIMUM PERTURBATION, ROW 10 HOLDS THE MAXIMUM

WHAX REAL VARIABLE CONTAINING THE MAXIMUM POSSIBLE INPUT
VALUE (1.0 FOR WE!GHTS AND 100 FOR VALUES). IF WHAXI
(this procedure) I5 LESS THAN TKESE MAXIMUMS AND

"'
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GREATER THAN WMIN. WIIAX IS WMAZI

WNAXI REAL VARIABLE WHICH CONTAINS THE VSER INPUTTED MAXIMUM
VALUE TO BE USED IN THE SENSITIVITY ANLLYSIS

WHIM REAL VARIABLE WHICH CONTAINS THE USER INPUTTED HINIMUI
VALUE TO BE USED IN THE SENSITIVITY ANALYSIS

I REAL VARIABLE WHICH CONTAINS THE VALUE OF THE "ROOTO
NODE FOR DISPLAY ON THE I-AXIS OF THE SENSITIVITY GRAPH

tSUR* PROCEDURE CALCARRAY 'i"'

CONTROL INTEGER VARIABLE WHICH INVOKES THE NECESSARY SENSITIVITY
ANALYSIS DEPENDING ON ITS VALUE

I a CUMULATIVE WEIGHT
2 a RELATIVE WEIGHT
3 a VALUE

NEWSUN REAL VARIABLE NOT USED

SUm REAL VARIABLE CONTAINING ONE MINUS THE RELATIVE WEIGHT
OF THE PERTURBED NODE WHICH IS USED TO INSURE
PROPORTIONALITY AMONG THE SIBLINGS DURING RELATIVE WEIGHT
SENSITIVITY ANALYSIS

VTEMP REAL VARIABLE NOT USED

Stat PROCEDURE HEADERS tttt

INTEGER ARCUMENT WHICH SELECTS VARIOUS OUTPUT HEADERS.
WHEN EQUAL TO TWO. I IS ALSO USED AS AN ARRAY INDEX

"'rs PROCEDURE TASDISPLAY '9*''
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A STRING VARIABLE USED TO DETERMINE REGRET (PUTTING THE
ASTERISK ON THE LOWEST VALUE) OR NOT REGRET (PUTTING
THE ASTERISK ON THE HIGHEST VALUE)

F FILE OF CHAR USED AS AN OUTPUT BUFFER TO CONSOLE OR LINE
PRINTER

STAR INTEGER VARIABLE CONTAINING THE NUMBER Of THE ALTERNATIVE
IN ARRAY WHOLD (s.t SEGMENT PROCEDURE SENSITIVITY) WHICH
HAS THE LOWEST VALVE (IF VARIABLE A (this procedure) 15
R) OR THE HIGHEST VALUE (IF VARIABLE A (this procedure)
IS NOT IR). AN ASTERISK WILL BE PLACED BY THIS VALUE

W REAL VARIABLE CONTAINING; CURRENT '.JYWEST VALUE OR CURRENT
HIGHEST VALUE DEPENDING ON VARIABLE A (this pece.uce)
DURING THE SEARCH FOR THE LOWEST OR RIGHEST VALUE Of A
GIVEN ROW Of WHOLD (see SEGMENT PROCEDURE SENSITIVITY)

**SPROCEDURE GRAPH *003'

IlJil INTEGER VARIABLES WHICH CONTAIN THE I AND Y SCREEN
COORDINATES WHERE THE LINES OF THE ALTERNATIVES ARE TO
BE DRAWN ON THE SENSITIVITY GRAPH

K INTEGER COUNTER

COLOR ARRAY OF AVAILABLE COLORS USED IN THE SENSITIVITY GRAPH

* I
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40

_______

' - -- .-. . '- ST- VARIABLE US- O ETR-N RERE .PrIH



a SEGMENT PROCEDURE RtADSYSTEMS

I-

agaPROCEDURE NEW aa

SYSLA29L STRING VARIABLE USED TO READ IN ALTERNATIVE*LABELS

F

- l~gOS PROCEDURE DELET BS s

* -- Sys STRII.: ARRAY CONTAINING ALL CURRENT ALTERNATIVE NAMES

PRESENTLY EVALUATED IN HIERARCHICAL STRUCTURE

* - 3INTEGER COUNTER

SEGMENT PROCEDURE MODERU t

a \

t*itt PROCEDURE PRUNE "t

. LAGI INTEGER FLAG (IN PROCEDURE GRAPHICS) WICH GOES FROM

0 TO I VEN THE LAST NODE IS REACHED AFTER PRUNING.
USED TO COUNT NEW NUMBER OF NODES.

INTEGER ARRAY INDEX AND COUNTERS

NEWLVL INTEGER VARIABLE CONTAINING THE NUMBER Of LEVELS IN THE

• II

HIEARO C AL OPRU A

p • •

," tlttltttltttttttltttttt~lt~ttlttfttlttRE



* . • . . . . .. . . . . .. - . ,• . o

NEVNNODES INTEGER VARIABLE WHICH CONTAINS THE NUMBER OF NODES IN
THE TREE AFTER PRUNING

PRAY INTEGER ARRAY WHICH CONTAINS ALL LINKS FOR ALL THE NODES
IN THE HIERARCHICAL TREE. NODE NUMBER RUNS ALONG THE
COLUMNS.

ROW I THE NUMBER I .NUMBER OF NODES (0 MEANS NO NODE)
ROW 2 THE NUMBER 1..NUMBER OF NODES (ALTERED

DURING PRUNING - 0 IF NO NODE)
ROW 3 NODE DIGIT
ROW 4 DOWNLINK
ROW 5 CROSSLINK
ROW & BACXLINK

PRNUM INTEGER VARIABLE CONTAINING THE NODE R-CORD NUMBER OF
NODE TO BE PRUNED

tttt PROCEDURE MODIFY tttt

IQUIT SET FROM 0 TO I WHEN THE USER WISHES TO EXIT THE
OPTION KOD PRIOR TO ENTERING A NEV LABEL ENTRY

"-N

42

-- -- -.............. ... RN

** . . ..



VII. froori Structure

The program consists of several segments which allows greater

program capability. The following list show all the procedures. that are

currently in the DASS program. When the procedure Is indented, it means

that the procedure is local to the program above it.

PROGRAM DASS;
UNIT DASSA;

PROCEDURE NODEDISKTOARRAY;
PROCEDURE NODEARRAVTODISX;

PROCEDURE NEXT;
PROCEDURE FIND;
PROCEDURE NODIN;

PROCEDURE PRENEX;
PROCEDURE ANSVERTOOUESTION;

PROCEDURE HASTERODISETIrP;

PROCEDURE PRETOT;
PROCEDURE INTTOSTRING;
PROCEDURE NUNTOSTRINC;

FUNCTION STRTOREAL;
PROCEDURE CROSS;

SEGMENT PROCEDURE DUNN;

PROCEDURE GRAPHICS;

PROCEDURE LABELS;
PROCEDURE DRAWBLK;

PROCEDURE LABELATTRIBUTES;

PROCEDURE READTITLE;

PROCEDURE SPAN;
PROCEDURE INITIALIZE;

PROCEDURE SELECTFILE;

SECENT PROCEDURE VVLOAD;
PROCEDURE RDV;

PROCEDURE DRAWBAR;
PROCEDURE SGUARES;
PROCEDURE SETUUP;

PROCEDURE REWT;
PROCEDURE CALC;
PROCEDURE WVLOADI;

43
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SEGMENT PROCEDURE HUN;
PROCEDURE OUTDEVICE;
PROCEDURE NUMERICREVIEW;U PROCEDURE NEVPG;
PROCEDURE DISPLAY;

PROCEDURE DISPLAY!;
PROCEDURE DISPLAY2;

PROCEDURE WTS;
PROCEDURE DRAWBLK;
PROCEDURE SYSBLK;

PROCEDURE DISPLAYO;

SEGMENT PROCEDURE SENSTIVITY;

PROCEDURE kNYXtY;

PROCEDURE VARNINu;
PROCEDURE DETERMJNENODE;

PROCEDURE SENVALUE;

PROCEDURE CALCARRAY;
.*,- PROCFDURE HEADERS;

PROCEDURE TADDISPLAY;
PROCEDURE GRAPH;
PROCEDURE GRAPHNEADER;

SEGMENT rROCEDURE READSYSTEMLAIELS;

PROCEDURE NEW;

PROCEDURE DELSYS;
PROCEDURE ADDSTS;

SEGMENT PROCEDURE MODPIU;

PROCEDURE PRUNE;

PROCEDURE VDOT;
PROCEDURE RELINX;

PROCEDURE COMPRESS;
PROCEDURE REWRITE;

PROCEDURE MODIFY;

PROCEDURE STAT;

In the program listing that follows, each program will contain a

summary enclosed with asterisks (*). In the summary, the name of the

procedure will be repeated, In 4ddition, a brief discugsion of the

purpose or nature of the procedure is presented. Following that, a list

44
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1

of proedures which call the procedure will be presented. The format

lisits the segment the call is from and then specifies the procedure

mane(s) In parentheses. Next*. to a list of procedure U&Se(s) that the

procedure calls during Its execution. finally. a listing of variables to

provided. being divided into two groups. The first group (labelled USSD)

Indicates thoe variables which are used but not changed while the

procedure is being executed. The second group (labelled IIOPIFIED) 'are

those values which may change during ezecution of the procedure. Note

that if the procedure calls another procedure, variables which change

values under the second call will not appear in the original variable

list.

45I
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.. o? -BS

,.(IS PROGRAM' DABS-ft)

PROGRAM DASS; (wlC,,S#,LPRINTER:*)

Q",,

a a

U 'PROGRAM DASS a
. USE: MAIN PROGRAM FOR THE DECESION ANALYSIS SUPPORT SYSTEM. 2
. CONSISTS OF ONE UNIT (DASSA), SIX SEGMENTS (DUNY,"

WVLOAD,NUN,SENSITIVITYREADSYSTEMLABELSMODPRU) AND *
ONE PROCEDURE (STAT). GLOBAL VARIABLES ARE FOUND IN S

- UNIT DASSA. SEGMENT VARIABLES ARE FOUND IN THE
B VARIOUS SEGMENTS AND SUB-PROCEDURES IN THE RESPECTIVE a
* SEGMENTS. a
- THE MAIN PROGRAM GENERALLY SETS UP THE VARIABLES •

- CRITICAL IN RUNNING OPTIONS AND SOLICITS THE COMMAND •
. OPTIONS. IN EXECUTING THE DON OPTION, THE MAIN •
a CLOSES ALL OPEN FILES AND ELEGANTLY RETURNS CONTROL •

I TO THE DISK OPERATING SYSTEM. 3

a ttta NOTE t3tt B

a - UNIT DASSA MUST BE COMPILED SEPARATELY AND LOADED INTO '

-'- THE SYSTEM.LIBRARY (UNDER APPLE II PASCAL OPERATIONS) 3

FOR THE REST OF THE PROGRAM TO BE COMPILED CORRECTLY. a
-IN ADDITION, OPTIONS ALLOWING GOTO AND MEMORY SWAPPING .3
M MUST BE PRESENT. ft

PROGRAM USES THREE UNITS:
I UNIT DASSA CONTAINS FUNCTIONS NECESSARY TO RUN a

" "THE DASS PROGRAM AND CAN BE •

M MODIFIED. a
UNIT TURTLEGRAPHICS CONTAINS FUNCTIONS a

- NECESSARY TO CONDUCT THE GRAPHICS a
B CAPABILITY OF THE APPLE II MICRO- •

a COMPUTER. THIS UNIT CANNOT OE

•~MODIFIED BY THE USER.

UNIT APPLESTUFF CONTAINS THE FUNCTION WHICH a
ALLOWS THE COMPUTER TO WAIT UNTIL A 2

" SINGLE KEY IS DEPRESSED (KEYPRESS) 2
THIS UNIT CANNOT BE MODIFIED BY THE '

* USER. .3

a CALLED BY: (none)

- ROUTINES CALLED: SEGMENT PROCEDURE DUMMY "
SEGMENT PROCEDURE WVLOAD .

* SEGMENT PROCEDURE NUM *
-.SEGMENT PROCEDURE SENSITIVITY

a SEGMENT PROCEDURE READSYSTEMLABELS *
3 SEGMET PROCEDURE MODPRV *

- PROCEDURE STAT 3
• VARIABLES: 3

46
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(PROGRAM OAS& *1

*USED: TENSTRING,TITLE,LATTNNODESNDEEP.NSTS.FLAG
(geUNIT DASSA)

*MODIFIED: CHD.NODECRATIONALENODETITLE.CELLNVHDER,
0 NRNDIGIT.DOWNLINK,CROSSLINKI,FLAG.N5YSNFLAG,*

* NDEEP.COMMENTSTRINGLABELSTRIHGIRAY
(see UNIT DASSA)

USES DASSA, APPLESTUFF, TURTLECRAPHICS;

4,



UNI UNITA PaBA

-' USE: CONTAINS THE CLOBAL VARIABLE LISTING AND t
SPROCEDURES VI4ICH ARE UNIVERSAL TO ALLa

*SEGMNT4 PROCEDURES. THE UNIT IS NOT CALLED
*EXPLICITLY, BUT IS USED WHENEVSR THE PROCEDURES f

*IN IT ARE CALLED.a

* CALLED DY: (Rome) 2

* ROUTINES CALLED: (non*)
VARIABLES:
* USED: caftnt)

2 MODIFIED: (none)

INTERFACE

CONS?
MAISYSTEM S;

MAIARASIZE=10;

MAINUIIDEROINODESsiOI ;
TENSTRINGs' '

VAR

COIINENTSTRING, LABELSTR!NG ,fILENAI E,ANSWZR,FILEOFSYSTENS.DISNAIIE :STRING;

CH:CHAR;
HSYSI.RECORDID,NLVLS :INTEGER;
CMD,ISTRLATTTITLE,DUESTION : STRING;

ICONT,IFADDL,LVL,
fLAC.NYLAG,NCROSS,IVIND,ITOTL,HDEEP,NIFFHNR.NNODEBOLCELLIJN

INTEGER;

HODELLBEL : ARRAYEO. .i4AARRAYSIZE3 OF STRING;

IRAY ARRAYID. .AIARRAYSIZE,0. 52 OF INTEGER;
ARM : ARRAYED. .AIARRAYSIZE,1. 21 OF REAL;
VRAY :ARRAYtO. .MAXARRAYSIZE. .MAISYSTEISI OF REAL;

NRNVECTOR : ARRAY CO. MAIARRAYSIZE) Of INTEGER;

moDE:mL Or RECORD
lIODETITLE :STRINCCHAXLABEL.IZEI;
CELLNUflDER, NRNDICJT, DOWNLINK, CROSSLINX, BACXLINX INTEGER;



(ftUNIT DAISA 2)

RELEIGHT. CUIIWEIGHT REAL;
SYSTtNVALUES i RR&Y ti. .1KKSVSTEIKS) 01 REAL;
RATIONALE : TRINCENAICONNENTSIZE3;
END;

SYSTEHS:FILE Of RECORD
5Y5TEMNAt : STRIHGEMIALABDL!IZE2
ENO;

(ft PROCEDURES IN DASSA *I

PR44EDURE NODEDISKTOARRAYCZ: INTEGER);
PROCEDURtE MODEARRXYTOD1SKII: INTEGER)i
PROCEDURE NEIM
PROCEDURE FIND;
PROCEDURE NODIM;
PROCEDURE FRENI1;
PROCEDURE ANSWRTOUESTO4;
PROCEDURE MASTERNODESETUP;
PROCEDURE PRETOT;
PROCEDURE INTrOSTRINC 1: INTEGER);
PROCEDURE NUMrOSTRINC(R:REAL);
FUNCTION STRTOREAL( ISTR:STRING) :REAL;
PROCEDURE CROSS;

IMPLEMENTATION

4,



(~UNIT DASSA 2)

PROCEDURE NODEDISXTOARRAY;

a PROCEDURE NODtDISXTOARRAY
£ USE: TO TRANSFER DATA READ IN FROM RECORD

* NODE TO THlE IRA' KRAY, AMD 'dRAY.
* REQUIRES AN ARC * ENT WHICH IS EQUAL TO

THlE PARTICULAF OV (SPECIFIC MODE AT A

* SPECIFIC LEV:- IN THE TREE) IN THE ARRAYS.
* CALLED BY: UNIT DASSA (NEXT, CROSS, FIND)

* SEGMENT PROCZDUR% DUMMY (SELECTFILE)
* ROUTINES CALLED: (none)
a VARIABLES:a
* USED: NODEECELLNWIIER.NRNDIGIT,DOVNLINX

*CROSSLINK,3ACXLINXRELWEIGHT,CUNWEIGHT a
S SYSTEWJALUEStl. .NSYS3.NODETITLE)

U SXS (set UNIT DASSA)a
9 MODIFIED: NODELABEL, IRAY, ARAY. VRAY (so* a

* UNIT DASSA).
aI (s.. PROCEDURE NODEDISKTOARRAY) a

VAR
I: INTEGER;

BEGIN
WITH NODEA DO
BEGIN

NODELABELEXI : NODETITLE;
IRATE!, O1: CELLNUMBER;
IRATE!,l13:uNRNDIGIT;

- - IRA~tEX.Z:mDOWNLINX;

- - IRAYCZ.33:uCROSSLINK;
IRAY[X,42.wBACKLINX;
ARAYC!,I1:.RZLWElGHT;

* ARAYE!.23:=CUMWEIGHT;

FOR I:uI TO USIS DO VRAYCX,I3:wSYSTEMVALUESCII;
END

END; (t END TRAINSFtRRIHO RECORD NODE DATA FROM DISK TO ARRAYS t)



(I UNIT 01551 2)

PROCEDURE NODEARRATTODISX;

3 PROCEDURE NODEARRAYTODISK
* UAE: TO TRANSFER DATA READ IN FROM ARRAYS TRAY,
U AR&Y, VRAY, AND NODETITLE TO RECORD MODE.

a REQUIRES AN ARGUMENT WHICH IS EQUAL TO

£ THE PARTICULAR ROW (SPECIFIC MODE A? A

* SPECIFIC. LEVEL IN THE TREE) IN THE ARRAYS,

' CALLED BY: SEGMENT PROCEDURE DUMMY (SPAN)g
a SBEGMENT PROCEDURE VVLOAD CRDWT.RDV,CALC)

a ROUTINES CALLED: 0.ono)

VARIABLES:.
USED: NODELABEL, TRAY, ARAY, VRAY, NSTS

a (see UNIT DASSA)

MODIFIED: NODECCELLNUMBER.NRDIGITDOWflLINK,
a CROSSLINKBACKLIPIK.RELWEIGHT,CUIMWEIGHT 0

a SYSTEMVALUES[1. .NSYS1,NODETITLEI

* (so* UNIT DASSA)

I (s.. PROCEDURE NODEARRAYTODISK) a

VAR

I :INTEGER,

WITH NODEA DO
BEGIN

NODETITLE:oNODELAIELCK3;

CELLNUMBER:.IRAT[X.O2;
?HRNDIGIT: uIRAYCX,%1 ;

DOWNL INX: uIRAYEX,23;
CROSSL!?lX:=IRAYC1. 3];

BACXLINX:uIRAYEX,43;
RELWEICHT: wARAf 11,l];

CUMWEIGI4T:oARAY[Z,22;

FOR 1.1l TO NSYS DO SYSTEMVALUESCI2:aVRAYCI.I];
END

*-END; END TRANSFERRING RECORD NODE DATA FROM ARRAY3 TO DISK 9)



I

(tUNIT DA33A
PROCEDURE NeT;

PROCEDURE 1ET
USE: THS ROUT:,N S USED TO PRPORM A DEPTH-FIRSTSEARCH Of THE TREE, NODE BY NODE. THE VARIABLES

* • NECESSARY ARL "NfTIALIZED BY PROCEDUUES PRENEE t
' AND FRrrOT, THEN THE ROUTINE VZLL PERFORM THE a
THE O!PTI-FTT SEARCH, NODE BY NODE. A NEW NODE U* IS ACCESSED EACH TIME THAT PROCEDURE NEXT 13• 
CALLED.CALLED BY: SEGMErT PROCEDURE DU Y (SPAN) 

aSRGMEN PROCFDURE VVLOAD (dVLOADI) 
a

* ROJTINEs CALLED: UNIT DASSA (NODED2SKTOARRAY)• VAAIAULZ3-
S V~ .USED: NDIFF (sa* UNIT DASSA),
* )ODIFIED: LVLIRAYICO'r 

(Alt UNIT DASSA) 
a

I (st PROCEDURE 
NEXT)

LAMij J;

VAR
2 INTECER;

BEGIN
Ilr(IRAYCLVL,23 

(- 0)

THEN

BEGIN
1: IF((LVL(mI)OR(LVLNDIFF))

THEN ICOfT:uO

IT' S&
BEGIN

>I NIRAYtLVL.)3 (.0)
THEN

t4L:uLVL.j;
COTO t

'. 
END

ILSE MI7X
El
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to vwir DA5SA 4$

5ttX(NODI. IRkYCLVL.3));
GZTINOVE),

NODEDISXTOARRAT(Z);
* 1RATCZ.52:vtRAltLV..§3;

LVL:uZ
IND

IND

3II
Z:uLVL,1;
ir(IRAYCZ.03wIRATtLVL.23)
THIN L'/L:uZ

ELSE

DEC13
SE EK( NODE, IRAY L VL.12l)@
CF F( NODE);
NODEDJSKTOARRAY(Z);
IRAY1ZUS2 :mIRAYCLVL,03;
LVL:wZ

END
it"

END; to END MEST 2)

33



(SUNIT DASSA 0)

PROCEDURE FIND;

t PROC9DURB FINDA

a TO THE INPUT NODE INPUTTED BY PROCEDURE KODIN 8
SUNIT D&SSA.
* CALLED BT: UNIT DABS& (HODIN)
* ROUTINES CALLED: UNIT DASSA (HODEDISKXTOARRAT)e
VARIABLES:

USED: irADD.IFIMNDDFFIRAT;NRNVZCTORa
t (o* UNIT DAISA)a

*MODIFIED: IFADDIFIlND,NDIFF.,ICONT.LVLt
*(so* UNIT DASSA) t
* J.ZICONTrLACUOUITFLAG

CONTFLAG.OUITFLAG.J.Z IHTECtRa

BEG IN- - OUITFLAC:wla
IFADD:sZ;
IFIND:.I a
NDIrr:.aa
J:.Ia

REPEAT
BEGIN
CONTTLAG:wl;
IF( IRAYEJ. I 3NRKVECTORCJI)
THEN

IF(JuNLVLS)
THEN
BEGIN

ICONT:uI a
LVL:nJ;
OUITYLAC: .1
END

ELSE
IECIN

TNHEN
BE GIN

54



(~UNIT DASSA 8)

LVL:oJ;
OUITFLAG: .1

- I ELSE
NECIN Z:oJ.1;
FT(((13ATCZ.I1(ONRNVECTORtIh)&ND(hRATCZ,03()IRATCJ,23)3OI

(IRAYCZ.5S2OIRXTCJ.03))

THEN
BEGIN
SEEKCNODE. IRATCJ.Z23)
CET(NODE),
NODEDISKTOARRAT( 2);
IRA~tZ.SI:mIRATCJ,O2

3RD.

J:aJ.1

IND
END

ELSE
BEGIN
IF(IRATIJ,33)0)
THEN
BEGIN
SEEK(NODE.IRAM.231);
CIT(NODC);
MODEDISKTOARUAT.J);
CONTFLAC:o§
END

ELSE
* BEGIN

IFADD:.5;
LYL: .3;
QUITFLAG:u1

END
END

END
UNTIL((C3)NLVLS)OR(OUITFLAGCO))AND(CONTFLAGel))

END; (ft END PROCEDURE FIND *I

55



UNTDASSA 9)

'USE: READS IN USER INPUTTED NODE REFERENCE NUNIZI. a
R AS THE CAPABILITY To FILTER NON-NUMERIC
INPUTS. If AT LEAST ONE NUMBER HAS 899Pj S ENTERED, PROCEDURE FIND WILL BE INITIATED.

CALLED BY: UNIT DASSA (PRENE!)
SGEGMT PROCEDURE RUN (DISPLAY)
SEGMENT PROCEDURE KODPRU (MODIfY):ROUTINES CALLED: UNIT VASSA (FIND)

VARIABLES: -

* USED: VAL (ite PROCEDURE RODIN)

MODIFIED: NLVL5,ICOKTNRN4VECTOR,.ANSWIR
C (see UNIT DASS&)
* I.E (see PROCEDURE HODIN) -

CONS?
VALsaDI23ES*?S*0;

VAR
I: INTZCEU;
Z:STRING;

WRITELN(OUTPUT);
WRITELN(OUTPUT.'ZNTER.. .NRN?');
READLIHtIHPUT.PtISWtR);

* ANSWER:uCONCAT(' '.ANSVER);

ICONT: .6
XRNVZCTORt*I:&Di

* I TOR I:wl TO LENGTN(ANSVER) DO

BEGIN
X:=COPTCANSVER.I. 1) ;
Jt(POS(I.VAL)00)

* - THEN

8EGIN
NL VLS : uL VL S I;
NRNVECTOR[NLVLS2 : POSCE .VAL)-t;
END

IND,

- I6
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I ' ~UNIT DASSA e
IP(NLVLS~ol

- END; C gunD PROCEDURE 1(00KM 9)



to UNIT DASS 0$

*PROCUR RImE! S

'USE: ELICITS A NODE urtftiwCS NUMBER FROR THE USuS 0
*AND Ir VALI. STARTS THE TME TRAVERSAL AT a

*CALLED IT: SEGMENT PROCEDURE DUMMYT WSAN)
* SEGI4ENT PROCEDURE VYLOAD (WVLOADI)0
0 SEGMENT PROCEDURS mmH
S SEGMENT VIOCEDUR9 NOopRu MPUNI)
RCUTINES CALLED: UNIT DASSA (MODIN)
M AIMIES:
* USED: LVL.ICONT (see UNIT OASSA)
a maDIrIED): NDIFF.ITOTL (se UNIT DASSAI

BEGIN

HDIf?.uLVL;
ITOTL:.O

END
tND, (a IND PROCEDURE PRENE! 6)

4.,8



(2 UNIT DASSA 2)

PROCEDURE ANSW flTOOlUE5TION.

9PROCIDURE ANSVERTOOUESTION
* US&: WRITES OUT A PROMPT CARRIED IT THE VARIAIS
4 OUESTION AND ACCEPTS A RESPONSE THROUGHT THE

*VARIABLE ANSWER. LOOPS UNTIL THE LETTER 7 OR HN
* 1S DEPRESSED fOLLOVED UT A CARRIAGE RlITURN.a
* CALLED UT: SEGMENT PROCEDURE WVLOAD (IDYT)a
2 ROUTINES CALLED: (none)a
* VARIAULtS: t
2 USED: OUZ5TION (see UNIT DASSA) a
a MOVIfIED: ANSWER (see UNIT DAASA)

ISEIN
REPEAT

161ITE(OUTPUT.0UtSTION);
READLMNI IPUT. ANSVER)
END

UNTIL( IANSWER. T )OR( ANSWER.'N*)
END; (t END FROCEDURE ANSVERTOOUESTION 3

e4*



to UNIT DASIA 21

PROME~llR lIASTMRODESSTUP;

0PROCE0URE MA5TERNODtStTJP
& USE: IiITIALIZKS THE VARIABLSS AND ARRAYS WNEN C19ATING
9 A XEV TRE STRUCTURt
*CALLED I: SEGHENT FROCMMR D JO( (SPANINITIALIZS)
ROUTINES CALLED: (mn*n)

- -. - *VARIL9S:
* UStD: (toe)

a KODIfIED: NNODESNODELA3EL.IRAI.ARAY.LVL C

(see UNIT DASSA)

KNODES:0.
NODZLASELCS2 :wMASTIR';
r 1:00 TO 4 DO IRKICO.12:0S;

ARATCS,13:o0;
hAy eS, 21:04.

* - LVL:wS
END; (' O EN ROCEDURE MASTERNODIZTUP 3



i..........

(8 UNIT DASSA '

FROCMUR PRITOT;

* PROCEDURE PRITO?
6 USE: $ITS ARRAY POINTERS TO THS TOP Or TUC T2E9 STRUCTURI
4 TO ?REV*.R1 TOR &H FWTIRE TRAVERSAL.
a CALME IT: SECHENT PROCVDURE DUNN? (SPAN)

6. StCHENT PROCEDURE VVOAD (WVLOADI.CALC)

* ~SCHEMT PROCEUR NUN
9 SECKCHT PROCEDURE HOOPRU MPUNI)

*ROUTINES CALLED: (men*)
VARIAUL9S:
* USED: )O4ODhS (see UNIT DASSA)
0 MODIID: ICONT.NDIfYLVL.ITOTL (see UNIT DASSA)

I CONY: *

&VL:ul;
ITOTL:oI;
IfOixOllIs(1) THIN ICOMT-00

IND; to END PROCEDURE FRETOT e)



* Ct VHIT Dig$& 91

PROCEDURE INTTOSTRING.

IPROCEDURE INTTOSTRING
USE: TRANSLATt AN INTEGER VALUt 11N10 A CHARACTER STRING

SO5 THAT IT CAN BE PRINTED ON EITHER THE CONSOLE OR THE
*PRINTER IN EITHER THE TEXT OR GRAPHIC MODE.

SCALLED NT: SECHENT PROCEDURE WVLOAD 1SETUP)

L SEGMENT PROCEDURE NUM (NUMERICREVIEV.DISPLAYI)
I SEtGMENT PROCEDURE SENSITIVITY (HEADERS)

ROUTIN4ES CALLED: (seo)
*VARIADLES:

USED: I (use PROCEDURE INTYOSTSING)
* MODIrtED: ISTR (see UNIT DASSA) S
* ILONG (see PROCEDURE INTTOSTNING)

VAR
ILONG: INTflE1z

ILONG:aI;
STR(ILONC,ISTR);
ISTR:aCOFT(ISTR,LENGTH(ISTR),t);

END; (9 END PROCEDURE INTT0STRING 4)



(a UNIT DASSA 9

PROCEDURE NUNTOSTRING;

*PROCEDURE MNHOSTRING
USE: TRANSLATE AN REAL NUMBER VALUE INTO A CHARACTER STRING

50S THAT IT CAN St PRINTED ON EITHER THE CONSOLE OR THE
SPRINTER IN EITHER THE TEXT OR GRAPHIC MODE

- * CALLED BY: SEGMENT PROCEDURE VLOAD (RDVI

* SEGMENT PROCEDURE NUN (DISPLAYI,VTS)
* ~SEGMENT PROCEDURE SENSITIVITY (GRAMCRAMADERS)
ROUTINES CALLED: (none)

oVARIADLES:
* USED: I (*to PROCEDURE NVflTOSTRIMG)
C NODIfIED: ISTR (see UNIT DASSAI e
*ILONZ (so* PROCEDURE NUNTOSTRINGe

VAR
ILONG :INTEGER;

BEGIN
ILONG aTRUNC( tOO'S);

STR( ILONG, ISTR);
IF (ILONG410S) THEN ISTI:mCONCATVOD.ISTR);
INSERT (P.',ISTR,PRED(LENCTM(I5TR)));

ISTR:wCONCAT(' *.ISTR);
ISTR: uCOPY( !STR,LENGTH(ISTR)-S.6)



(a UNflIT DASSA *1

FUNCTION STITOX9AL;

9 FUNCTION STAiOREALf

* USE: TRANSLATE A STRING VARIABLE AND RETURNS A REAL VALUE. 9

* CAPABLE Of FILTERING NON-NUMERIC CHARACTERS FROM THE 0

* INPUT STRING, 0

*CALLED IT: SEGMENT PROCEDURE VYLOAD (RDV,ROVT)
S SEGMENT PROCEDURE SENSITIVITY(DETtRXINgNODE) a

2 ROUTINtS CALLED: (none)
* VARIAILES:

* USED: ISTR too* UNIT DASSA)
S VAL (see FUNCTION STRTORtALI

K ODIFIED: fLAG.E.T9NS.TENTH3.I.TEMP.J.Z.M S

* (atpe FUNCTION STRTORtAL)

CONST

VAN
TENS.TtNTNS.!: RtAL;
I ,..X. M.FLAG: INTEGER,
TEN?: STRING;

2EG IN

FLAG: ml;

TENS: .5;
* * TENTHS: .0;

FOR I:mI TO LENGTHCISTR) DO

TEMP: uCOPI(ANSVER,I .1);

.1* POS(T9MP,VAL);

BEGIN

-THEN FLAG:.t

ELSE
IF(rLAGuI )

SECIN
-~ I GJ-t;

FLAG:o.!

FOR fl:uI TO Y DO I s1110;

'4



IIND

BII

TENTS: TtHBS.Z;

IND

END;

STRTORIAL: .TENS.T2NTHS
I ND; (k END FUNCTION STITORIAL '

'5



(s UNIT DASIA 21

PROCEDURI CM0s&;

0 PRCDR CROSS
* US: PACESALLTHE ODE Of DECENDNT PAN N W AR A

9 UNDERNEATH A GIVEN NOWZ.

0 SEMN RCDHSENSITIVITY (DETERKINENODE)

* OTNSCALLED: UNIT DASSA(?4ODEDISXTOARRAY)0

a (was UNIT DISSA)
* L (so* PROCEDURE CROSS)

VAR
L:ARRAYS ;

tfADD:uZ;

VHILE(IRAYfLVL.IrADD3()@) DO

LVL: uLVL.1;
tRhYCLVLO1:.IRAY[LVL-I,IFAODI;
SEEK(HODEIRAYELVL.01);

MODEDISXTOARRAY( LYL);

LVL:uL
END; it END PROCEDURE CROSS *

d6



(I UNIT DAIBA 2)

* UNIT DASSA MlAIN fIMT

NECIN (s NSCIM DASSA 0)

'7



-t UNIT DASSA 8)

'MEhT PROCEDURE DUMMY;

a SEGMENT PROCEDURE DUMMY
•9 USE: THIS SEGMENT CONTAINS THOSE ROUTINES WHICH ARE

USED TO GENERATL NEW TREE STRUCTURES. IN ADDITION, *
S THIS SEGMENT IS USED WHEN OPENING NEW DISK fILES a

FOR SUBUENT ACTIVITY. 3

t CALLED BY: DASS a
ROUTINES CALLED: SEGMENT PROCEDURE DUMMY (GRAPHICS, a

• a LABELATTRIEUTES,READTITLE,SPAN,

INITIALIZE, SELECTFILE)
a VARIABLES:

• USED: CHD
• a MODIFIED: (none)

I VAR
, _ CONTROL:INTEGER;

_.

•'°'5

.i.

.



to SECHENT PROCEDURE DUMMY *)

PROCEDURE GRAPHICS!

t S

PROCEDURE GRAPHICS
* USE. THIS PROCEDURE IS CALLED IY SPAN TO CREATE A
* GRAPHICAL DISPLAY Or THE TREE STRUCTURE AS IT IS 
• CREATED. THIS GRAPHICAL PACKAGE DRAWS THE VIRING '

TREE DIAGRAM AS VELL AS HANDLES THE LINKAGES fOR '

INPUTTING NODE LABELS INTO THE TREE STRUCTURE.
-.- THIS PROCEDURE HAS TWO SUBORDINATE PROCEDURES 0

• (LABELS and DRAWBLK) WHICH AID IN THE GRAPHICS a
''- DISPLAY. a
• CALLED BY: SEGMENT PROCEDURE DUMMY (SPAN) e

* ROUTINES CALLED: SEGMENT PROCEDURE DUMMY (LA3ELS.DRAVILI) S

* VARIABLES: a
* USED: NODELAIEL (see UNIT DASS&) a
" CONTROL (see SEGMENT PROCEDURE DUMMY) a

MODIFIED: ANSWER (see UNIT DASSA) a
',.-* z .Y.ANS ,

S,,H a

VAR
I.YJ: INIECER;

*.. ANS :STRING;

:-

-, [

.*..,'. .
p .- . . . . . . . . . . . . .



71 -7 7

(0 SEGMENT PROCEDURE DUIMY 0)

PROCEDURE LASELS(Z.Y:IHTEGER);

r. ' PROCEDURE LABELS 9

• USE: SUBORDINATE PROCEDURE TO PROCEDURE GRAPHICS, THIS •
PROCEDURE ENABLES CHARACTER INPUT FROM THE USER 2

TO BE DIRPLAYED IN "REAL TIME" ON THE MONITOR IN t
THE GRAPHICS MODE. THE ARGUMENTS USED IN THIS f

a PROCEDURE ARE THE SCREEN COORDINATES Of THE

- LOVER LEFT CORNER VHERE THE FIRST CHARACTER IS TO *

*+ BE DISPLAYED. BACKSPACE FUNCTION IS AVAILABLE. •
• a ENTRY TERMINATE WEN ANY OF THREE CONDITIONS ARE *

" MST:
- 1) THE VORD DONE IS TYPED

S • 2) WHIN THE RETURN KEY IS DEPRESSED "
• 3) WHEN MORE THAN I0 CHARACTERS (NOT
I INCLUDING BACKSPACED CHARACTERS) AR

ENTERED
• CALLED BY: SEGMENT PROCEDURE U19MY (GRAPHICS)
- ROUTINES CALLED: (none)

VARIABLES: •

t USED: (none)
MODIFIED: .Y.11

t ANSVER,CH (see UNIT DASSA) a
a J,ANS (see PROCEDURE GRAPHICS) a

VAR
, 11:INTIGER;

BEGIN

AN5WER:mo;ANS: * '

MOVETO(I,Y);

* . I

*REPEAT
BEGIN

- REPEAT
UNTIL KEYPRESS;

READ(CH);

ANSCI):-CH;

J:ORD(CH);

IF(NOT EOLN)

70
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4' SECKENT PROCEDURB DUNN? 9)

BGIN

THEN
33011
I14CM.' )THEN CX:.'
WCHAR(CN);
kNSWER:wCONCAT(kNSW9R.ANS);

END
ELSE

!F(Z1(Z
THEN
BEG IN
MOVETO(Z-?.T) z
VCMAR(l s);

MOVETO(Z-7.T);
ANSWER:=COPT(ANSWER.I.(LENGTH(ANSVER)-I));

4 END,
* END;

* -- END

UNTIL ((ANIVERm'DONE*)OI(EOLN)OR(LINCT(ANSVER))sl6));

END;



(t SEGMENT PROCEDURE DU[IT I$

PROCEDURE DRAVBLK(I.T:INTEGER);

" PROCEDURE DRAVBLK (E.T:IHTEGER) t

a USE: DRAWS RECTANGLES CONTAINING NODE LABELS. THIS
t PROCEDURE IS SUBORDINATE TO PROCEDURE GRAPHICS. THE U

a TWO ARGUMENTS REPRESENT THE LOWER LEFT CORNER OF THE '

RECTANGLE. THE RECTANGLE IS DRAWN BY COLORING THE I

* ENTIRE RECTANGLE AREA WITH THE DESIRED RECTANGLE
U.' COLOR OUTLINE AND IS THEN FILLED IN BY THE BACKGROUND t
U' COLOR. •
- CALLED BY: SEGMENT PROCEDURE DUMMY (GRAPHICS) B
- ROUTINES CALLED: (none) a

..-- I VARIALES:
a USED: NJ7 a
* MODIFIED: (none) a

,'-.'.BEGIN

V.lVPOUTfzX#3,Y,Y#I);
FILLSCREEN(CREEN);
VIEVPORT(e1 .E73,T+I.Y*I71);

FILLSCREEN(ILACK);

VIEVPORT(0,279.0,191)

END;

a%.

1o o,



to SEGMENT PROCEDURE P11101 8

* START PROCEDURK GRAPHICS

CASE CONTROL Of

X:n1O5; Y:otl; DRAWILK(.,T);
ANSWER: .NoD9LA3ELr LYL ;
MOVEOMl7blSO), WSTRINC(AK(SWSR);

KMTO(139,178); VENCOLOR(CRESN);
* MOM2OM9!.141); MOVETO(39;i41); MOVZTO(23..126);

PZNCOLOR(NONE),
LABZLS(R,.T.2)
ENO;

2:
3ICIN
1:u1OS; Y:-112; OR&WBLK(,T);
MOVgTO(339,141);
PSNCOLOR(CRKEN); MOVETO(131P.13dU;
PENCOLOR(NONZ);
LAILS(+2.?.2)

ZU;

1:w303; Y:n112; ONAWBLK(X.?).
* j MOVtTO(l13,141); PENCQLOR(CRECH);

KOVETO(139.14t); MOVETOC229,MZ),
PENCOLO).(NON1);

* LADILS(Z.1V2)

4:

I:m%5; T:.45; DRAWDLK(Z.Y);
HOVtTO(93141); ?ENCOLORCCREZN);
KOVETOI93,56)i PENCOLOR(HONE);

I7



t' SEGMENTr FROCgDURE CUMI *I

LAILS(1.2.T.2)
IND;~

5*
2991H

T:i~ :643; DRAWILK(t.T);
MOMEO(191.til); PENCOLOACCREEN);
itOVtTOIPI,58a, PENCOLOR(XONE)i
LAUELS(1*2.Y,2)

CUD

CUD; (9 CND GRAPHICS e)
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(8 SEGMENT7 FROMMUR DUIOIT t)

PROCEDURE LARCLAT'TRIUUTES;

9 ROCEDURE LA2ELATrIIUES
9USE: USED To SUPPORI OPTION ATI WHICH ALLOWS THE USlR

9 TO ENTtR THE ATTRt1UT& CM&RCTRSSTIC. nTH US%% f
* IS ALLOWED TO ENTE~R ANY STRING; NOWVVR, ANY 9
2 CHARACTERISTIC ENTERED, WITH A R WILL 3E ASSUMOED 0
2 BY TP3 1MN:TVITY ANALYSIS TO It REGRET AND WILL 9
a ANNOTATE THOSE ALTERNATIVES WITH THE LOWEST VALUES. 9FI* CALLE BY: SEGMENT PROCEDURE DUIGIT 9

a OUTINES CALLED: (none)
*VARIASLES:

* USED: COIMETSTRINC,MAZLASKLSIZE (see UNIT DASSA)
3 MODID: LAY? (see UNIT DASSA)

MEIN
PAGE OUTPUT);
VRITELNIOUTPUT. 'ENTER ATTRIBUTE CHARACTZRISTIC ' I;
VUITE(OUTPUTOC(REGRET OR VALUE)? O);

IEADLN(INPUTLATT);
LAY?: uCOPY(CONCAT(LATTLA3ELSTRINC),*I,.IAELA3ELSIZE);

END; ts END LABEL ATTRIUVTES CHARACTERISTICS 0)



. . ... . .. . . . .

(B ECKEN? PROCEDURE DOIY 2)

PROCEDURE READITM;

* 3

* PROCEDURE REACTITLE
- USE: PROCEDURE UED TO ALLOW THE USER TO ENTER THE TITLE *

*. • Of THE TREE STRUCTRE VHICH WILL BE RE-DISPLAYED *

.' * IN VARIOUS REVIEW TYPE OPTIONS. USED TO SUPPORT *

* OPTION TTL.

• CALLED ST: SEGMENT PROCEDURE DUNNT •
. ROUTINES CALLED: (noe)
- VAR&ASLES: a

- USED: COMNENTSTRING,HAICOHHENT1IZE (so. UNIT DASSA) 2
M HODIFIED: TITLE (as. UNIT DASSA) •

" ' NEGIM

PAGE(OUTPUT);
VRITLM"0UTPUT,*ENTER A TITLE FOR THIS DATA STRUCTURE )z
READLN(INPUTTITLE);

TITLE:.COPT(CONCAT(TITLECODIENTSTRING)I,HM&ZC2NENTSIZ)

END; (t END READ TITLE FOR DATA STRUCTURE *)

V7.
.{

R 7,



(I SEGMENT PROCEDURE DUMMY 9)

PROCEDURE $PAN; (a $VAX *)

(t ttttttltttttttttttmtttttttttttttttlltlttttettttitlttltgalts

a a

e PROCIDURE SPAN
& USE: USED TO SUPPORT OPTION SPA AND IN THE CREATION 0? A •
a NEV TREE STRUCTURE. THIS ROUTINE TAKES ADVANTAGE O f
a THE GRAPHICS CAPABILITIES Of THE APPLE II MICRO-
9 COMPUTER. USING SUBROUTINE GRAPHICS, THE USER ENTR C
S THE ATTRIBUTES (NODES) DIRECTLY ONE THE SCREEN VITHIIN '
• THE WIRING DIAGRAM. THE PROCEDURE WILL UPDATE 1
a THE NODE STRUCTURE AS VELL AS GIVING CURRENT NUMBER S
2 NODES IN THE SYSTEM. •
& CALLED BY: SEGMENT PROCEDURE DUMMY S
0 ROUTINES CALLED: UNIT DASSA (?RETOT.PRENEZMEIT, S
* NODEARRATTODISE-
* MASTERNODESEMUP)
a SEGHENT PROCEDURE DUMMY (GRAPHICS)
t VARIABLES:
a USED: LASELSTRING (see UNIT DASSA) S
a MODIFIED: CM,ANSVER.ICGT,NNRN,IYADD,LLVL4NDEUP,
" NNODES,Y,ISTR,IRAY.OLDCELLNUMNODELAEL, e
* Is** UNIT DASSA)

CONTROL (see SEGMENT PROCEDURE DUMMT)"

BEGIN
PRETOT;

REPEAT
BEGIN

PAGICOUTFUT);
VRITEOtTPUT,'SP)% NODES. .AILL $(ELECT ).

REPEAT UNTIL KEYFRESS;
READ(INPUT,CH)
END

UNTIL((CHv'A')OR(CH.S''));

IF(C14'S') THEN PRlhgZ;

IF(ICoNTO)

THEN

BEGIN

REPEAT
1EGIN

77



(~SEGMEN:T PROCEDURE DUMMY ~

VRITE(OUTIIJT,*O YOU VANT TO BUILV A N4EU TRIr.? (TIM) )

REPEAT V*TIL KZYPRISS;

WIZ( L CHPUT.01 CX) N')

11 (CHONN

2341K ANSVE:uZIlT'

MEIN
HASTE RMOD99 SETV
ICONT:.!
two

INITTUST1.1

R&PEAT

if (ICONYOO)
TN 2K

IVADO:.Z; (t IsPARMiT, IsoROTHEN 9)
L:w1;

ftLLSCKrE[( BLACK);
%MIEPORT(,279,,111);

CRArHIc%;
C0HTR DL eC DNTR OL.1

LVL wLVL#L-1;



(a SICKEN? plocIDunt DUMMYI 2)

IF(LVL)NDEEP) TP.EN NDEEP:oLVL;

ILSE
* BEGIN

Ir(&NSWER() 'EIT )

THEN
BECIN
&NSWER:.COPY(CONCATC&14SW11,LAIELSTRING) * I KAZLAIELSIZE);
I4NRN:.sO4RM+I;

* I tOIODEB:nmIoODzs.I;

MO VETO ( .0 )
VSTRING('CURRSNT NUMBER-Of MODES: )

1:=NNODIS;

515(1 ,ISTR);
VSTRINC( ISTR);

IRATELVL, IFADD):.?OIODSS;

BEEK(NODE.IRAYCLVL.91);
NODZARRAYTOD IBK (LVL);
PUT(NODE);

OLDCELLNUM:.IRAYCLVL,01;
LVL uLVL+L;

L: .3;
IFADD:u 3;
IRAyrLVL,03 :*NODZS;

IRAY(LVL,1I):=NNRNz
IRAYELVL,23:w0;

IRAYELVL,33 .0;
IRAYE LVL,42 sOLDCELLNUN;

IRAYE LVL,5S3: .OLDCELLNUM;
ARAYC LVL,I 3:00

ARAYrLVL,22:a0; -

MODELAEELVL3 :uANSWER;

SE EK (NODE *IRAY L VL, 03)
NODEARRAYTODISK(LVL.i

PUT( NODE);

gND,



(SECHCNT PROC91DURE DUMMYT 4)

IND

UTtL((CONTROL))OR(ANSWER.'DONE1)OR(ANSWER.")Ol(AN5VER.ECZIT*))
END;

END

UNTIL((KCOHNO)OR(ANSWER.*EZIT'));

PACE(OUTPUT);

TERTHO09;

END, tug E or OF h SN )

to



(9 SEGMENT PROCEDURE DUMMY 01

PROCEDURE INITIALIZE;

K ~ a PROCEDURE INITIALIZE
'USE: CREATES NEW FILES ON THE DISK FOR NAMES ENTERED IN

2 RESPONSE TO OPTIONS SEL OR NEW. TW.O NEW FILES ARE
A CREATED: 0'IE FOR THE NODES, THE OTHER FOR THE MAKES
a OF THE ALTERNATIVES. IN ADDITION. CALLS OTHER
a PROCEDURES IN THIS SEGMENT (LABELATTRIBUTES,

U EADTITLE. AND SPAN) TO EXPEDITE CREATION Of THE TREE*1 * CALLED BY: SEGMENT PROCEDURE DUMMYT (SELECTftLE)
B OUTINE5 CALLED: UNIT DASSA (IASTERNODESETUPl

SEGMENT PROCEDURE DUMMY (LASELATTRZDUTES,

a READTITLE.SPAN)
0 VARIABLES:a
2 USED: FILEOFSYSTIMS.NAXSVSTEMS.FILENAME too* UNIT DASSA)a
I NODIFIED: NODE NO0DETITLECELLNUMBER,NRNDIGIT,DOJNLINK,

a CROSSLINX,BACXLINX,RILVEIGHT.CUMWEJCNT
S RATINALE,SYSTENVALUEB (so* UNIT DASSA) a

a SYSTEMS SYSTEMNAME (s UNIT DASSA)a
a I (see UNIT DASSA)a

WITH SYSTEMSA DO SYSTE101AM: NONE';

REWR ITE(CSYSTEMS , fILEOFSYSTEIS);

FOR I:oI TO MAXSYSTEI S DO PUT(SYSTEMS).
CLOSE(SYSTEMS, LOCK);
RESET (SYSTEMS ,FILVOPSYSTEMS )

WITH NODEA DO

BEGIN

NODETITLE:o'BLANK

CELLNUIIUER .0
NRNDIGtT:nQ;

DOWNLINX:s.0
CROSSLINC:.J;

* - DACKLINIC:uO;
RELWEIGHT:o ..

* - CUMWEIGHT:uO.O;

FOR I:oI TO MAXSYSTEMS DO SYSTEflVALUES1I1:m0.0;

RATIONALE:u'NO COMMENT'

it



IND;

FOR I:o1 TO MAINUMDEROFNODIS DO PUT(NODE);
CLO5E(NODE, LOCK);
RESET(NODE,IILCNANE);

L&BILATTRIUUTES;
READTITLE;
JIASTERMODESETUiP;
SPAN

RND; (' ED INITIALIZE 2)



C"L(t SEGXENT PROCEDURE DUMY t)

APROCEDURE SEE¢STFILE;

P FROCEDURE SELECTFILE 

USE: USED TO ELICIT THE NAMES OF THE DISK AND FILE THAT '
•A 7191 STRUCTURE EXISTS ON OR WILL BE CREATED ON. t

PROCEDURE USlD IN SUPPORT OF OPTIONS SEL AND NEW. •
TWO FILES ARE CREATED AND HAVE THE LA1ELS OF B

• E1E1SYS.DATA
• ZE1THODg.DATA

WHERE XXX REPRESENTS THE FIRST THREE CHARACTERS
B ENTERED BY THE USER WHEN ASKED FOR A FILE NAME. IN *
* THE CASE THAT THE USER ENTERS LESS THAN THREE a

CHARACTERS, TIE ENTRY WILL BE LEFT JUSTIFIED IN THE a
•- B I FIELD, WITH THE REMAINING I CHARACTERS. "
* CALLED BY: SEGMENT PROCEDURE DUMMY B
B ROUTINES CALLED: UNIT DASSA (NODEDISKTOARRAT)
* SEGMENT PROCEDURE DUMMY (INITIALIZE)
• VARIABLES:
• USED: (non*) B
• MODIFIED: NODE NODETITLERATIONALECELLNUMBER, B
a NRNDIGIT,DOWNLINK.CROSSLINK,BACKLIKE
* DISKN fl,.ASVZR,!ILEWAM4E,L,1oFLAGoNTLAG, •

• B LVLIRAY (see UNIT DASSA) •

*' BEGIN

PAGEOUTUPVT);
* IF(NFLA~uI)

THEN BEGIN
SEEK(NODEO);

I CGET(NODE);
WITH NODEA DO

* i iBEGIN

- IRATIONALE:.TITLE;

NODETITLE:=LATT;
CELLNUMBER:aNNODES;

I NRNDIGIT:wNDEEP;

DOWNLINK:-NSYS;
CROSSLINX:uFLAG

END;
SLEK(NODE,0);

PUT(NODE);
CLOSE(HODE. LOCK),
CLOSE(SYSTEMS, LOCK)

END;
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--- 7m.- 
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7.

(SEGMENT FROCEDIIEE DVIII 2)

VRITZLN(OUTPUT.'EXTER.. DISK NAME TO BE USdD');

VRITE(OUTPUT.'(C.G. APPLEO:) 1);

AZADLN(INPUT.DISXNAME);
VRITILN(OUTI'UT,#PLIASE INSERT '.DISKNAME,4 AND DEPRESS RETURN');

RKADLN( IkPUT, A4SWER);
VRITELN(OVTUTUENT ER.. FILE NAME TO BE ACCESBLD'3;
READLN( JNPUT.FZLENAME);

FILEOFSYSTEMS : CONCAT(DISXNA4E,*COFY(FILENANE,1, 3) ISYSDATA')
fILENAME aCOXCAT(DISXNAME COFY(FILENANE, 1,. NODE.DATA'I);

FOR LaO0 TO HAXARRAYSIZE DO FOR L:mI TO MAISYSTEMS DO VRAYCI,LI:s§.O;
FOR I:a0 TO MAXARRAYSIZE DO FOR L:w0 TO 3 DO IRAYEILl:us;
FOR I:sO TO MAZARRAYSIZE DO FOR L:*I TO 2 DO ARATLI,Ll:=O;

WRITELN(OUTPUT,.(CR) OR NEW 1 1);

READLMi INPUT,ANSWER);

IF (ANSVERm'NEW'I)
THEN INITIALIZE

* ILSE

RESETtNOOE.TILENAME);
RESET(SYSTEIS. FILEOFSYSTEPIS),
SfI~tNODE,0);

GET(NODE);

WITH NODIA DO
BEGIN
TITLE: .RAT!ONALE;
LATT:oHODETITLE;
HNODES: .CELLNUMDER;

NDEEP:mNRNDIGIT;'

LVL:sI;

IRAT1I,03:m1;
SlE(NODE,IRAYILVLO));
CET(NODS);
NODEDISXTOARRAY(LVL)

END

V.END; (9 END SELECTFILE '
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gI CCM~u'SA) THEN SCTIN

ELSE IV(CMDuTTL') THEM READTITLI

9v



('CtN PRECREPIT FROEDUE LOA

SEMENT ROCDU WA&D

U lSE: THIS 5EGDIENI CONTAINS ROUTINES WHICH ARC V590
* TO INPUT VEIGHTS AND VALVES INTO THE TUEt

S STRUCTURE. IN ADDITION, THIS SECHEN? CONTAINS
* * THlE FROMMUR tCALC) WMlCH PERFORMS Till

I VALUATIONS Of THlE INTERNAL NODES OR COLLAPSING
a THE TIM.
*CALLED BY: PXOGRAM DAIS5

* * ROUTINES CALLED: SEGMENMT PROCEDURE VVLOAD ICALCWVLOADI)
*VARIABLES:

I USED: (Rss)l
* O0IrIED: OPT (so* SEGMENT PROCEDURE VLOAD)

* * Cto VARIABLES UStD UNIQUELY BY THIS SEGMENT '
VAN

- - OPT,CIII:CHAR;
LA2ELI ,A%5:STINC;
SYS: ARRAY tI. .32 OF STRINGC;
IZTFLAG, PPOSJ. I2. V.1 L: INTEGER;
VRAYI:ARAY (1-5SI Of REAL;

- COLOR: ARRAY ti.S Of 0 SCR9ENCOLOR;



It SEGMENT PROCEDURE VLOAD 81

PROCEDURE RDV;

2 PROCEDURE RDV
9 USE: THIS PROCEDURE IWABLES THE USER TO INSERT

* ALTERNATIVE VALUES (0-100) FOR EACH DATA NODE IN 0
THE TREE STRUCTURE. OPTIONS INCLUDE INPUTTING ALL t

• THE DATA NODES OR SELECTED NODES AT THE USER'S 2

* DISCRETION. THIS PROCEDURE USES THREE SUBORDINATI a
PROCEDURES (DRAWBAR and SETUP) WHICH ENABLE 0

a THIS ROUTINE TO BE INTERACTIVE AS WELL AS a
DISPLAYING OUTPUTS USING THE GRAPHICAL MODE. •

• CALLED BY: SEGENT PROCEDURE VVLOAD (WVLOADI) a
•-' ROUTINES CALLED: SEGMENT PROCEDURE WYLOAD (DRAWIAR, •

SETUP) •
% UNIT DASSA (NODEARRAYTODISK,NUHTOSTRING, *
a STRTORIAL) a

VARIABLES: f
• USED: TENSTRINCNSYSLVL,ISTR (se. UNIT DASSA) a
a ANS.COLOR,YSYS (e SEGMENT PROCEDURE 9

W VLOAD) a

MODIFIED: CK,ICONTVRAY.ANSWER (#o. UNIT DASSA) 2
a IZITFLAG,PPOS,J.,,VRAY (a* SEGMENT 9
a PROCEDURE WVLOAD) &

a a

- _

'Si

I
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(8 SEGMENT PROCEDURE VWLOAD *)

PROCEDURE DRAVUAR(A,BoC:INTECER;V:REAL);

(t tettmttggntmsstttntttnttmsatmattgegggtelttmmtstmeeetttng

* S

• PROCEDURE DRAWBARi S: US&& COMPUTER GRAPHICS TO DRAW COLOR BAR$ -" ,WHOSE HEIGHTS REPRESENTS THE VALUES OF THI

;"tALTERNATIVES. THI COLORS ARE DEPENDENT ON THE

ALTERNATIVES; ALTERNATIVE I a ORANGE 0

ALTERNATIVE I a VIOLET
A ALTERNATIVE 3 a BLUE

ALTERNATIVE 4 a 6RltN

ALTERNATIVE. a VHITEZ

- THE A,3.C VARIABLES CORRESPONDS TO THE LOVER LIFT b
t HAND SIDE OF THE TALL RECTANGLE, WHERE C REPRESENTS *
" THE ALTERNAIVE NUMBER. VARIABLE 3 CORRESPONDS TO •
a VALUE OF THE ALTERNATIVE AT THAT NODE. I

a CALLED BY: SEGMENT PROCEDURE WVLOAD (RDV.SETUP) t
* ROUTINES CALLED- (next)
9 VARIABLES: a
- USED: ASC.V (see PROCEDURE DRAV3AR)

• MODIFIED: (none)

BEGIN

VEVPORTAClS,A+(C'1S),I,0,3.50);

FILLSCREEN(BLACK);
VlEVPORT(A*CtI5,A*(CttS).Ia,,RTRUNC(VI));
FILLSCREEN(COLORCCI]);

VIEVPORT(0,279,0,191)
,-. END;

* -
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(t SEGMENT PROCEDURE WVLOAD o)

PROCEDURE SOUARES(A,3:INTEGER);

*.. (O iemtmmttettmemmemeetttemmmeemegtetaeeetemtteteeeetmteituegm

t PROCEDURE SQUARES
- USE: USED TO DRAW HOLLOWED OUT BOXES WHERE DATA a

THE CURRENT VALUE OF A PARTICULAR ALTERNATIVE AND e
a THE 301 WHERE NEW VALUES OF THAT ALTERNATIVE WILL 9
. 3I ENTERtD. THE TECHNIQUE USED IN CONSTRUCTING THE *

. NO IS TO SET TE VIEWPORT TO THE SIZE OF THE 30. 2
,F ILL IT WITH THE DESIRED COLOR (GREEN) AND THEN a
* HOLLOW OUT THE 301 WITH THE BACKGROUND COLOR •

(BLACK). THE ARGUMENTS A AND 3 CORRESPONDS TO THE '
LOVER LEFT HAND CORNER WHERE THE 301 15 TO BE

- - •DRAVN, a
* CALLED BY: SEGMENT PROCEDURE WYLOAD (SETUP) e

I ROUTflES CALLED: (none)
- VARIALSES:

USED: A,2 (see PROCEDURE SQUARES) U

". MODIFIED: (none)

BEGIN

VIEVPORT(A,A7S .S,B3, 3);
FILLSCREEN(GREEN);
VIEVPORT(fAI,A73,3*I,*12);

FILLSCREEN(BLACK);

"-" iVIEVPORT(0,279,0,191);

* END;

[::I



(2 SEGMENT PROCEDURE VVLOAD *I

PROCEDURE SITUP;

*PROCEDURE SETUP
*USE: SETS UP AND DISPLAYS A PATICULAR DATA NODE FOR USER

VALUE INPUT. PROVIDES CURRENT VALUES OF THE
BALTERNATIVES, IN EAR FORMAT (USING PROCEDURE

O RAVUARI. ALSO PROVIDES DISPLAY FOR THE FIRST
*ALTERNATIVE AND ITS VALUE IN DECIMAL FORK.

*CALLED IV: SEGMENT PROCEDURE WVLOAD CIDY). B

BROUTINES CALLED: UNIT DASSA (INTTOSTEING)
*SEGMENT PROCEDURE VVLOAD ISQIUARES,
B DRAVUARI

VARIABLES:
B USED: NODELAIEL,TENSTRINGLVL,IRATNSTS

B (see UNIT DASSA)B
ft MODIFIED: 1,ANSWER,ISTA (see UNIT DASSA) 2
a VRAYI,PPOS,COLOR (see SEGMENT PROCEDURE
a VVLOAD)B

* - BEGIN

COLOR(II :.ORANCE; COLORtZl uVIOLET;
COLORC31:nLUE; COLORCI2 aGREEN;
COLORCS2 uWHITEI;

FOR I:wI TO NSYS DO
BEGIN
StEK(STSTENS,1-I);

C ITtST STEMS )

VITM SYSTEl' t DO STS(Il:.STTMNAIE
END;

FOR I:.) TO S DO VRAYICII:sO;

MOVETO(0,ISI);
VSTRINGVIVALUE: A)BORT.B)AtK E)ZIT N)EZT (95C01);

SOUARES(102,157);

MOVETO(IOS.ISY);
* VSTRING(NODELAUEL(LVL));



(~SgGI4NT PROMEURS VVLOAD 0)

MOVITO(0.1S9); VSTIINCVNRN: )

703 1:.! TO LYL DO

kNSWZfl~mC0MCAT(AN5VER.1STR,' '

tuo;
* V5T3ZNC(CaPT(CONCAT(ANSWER,TEMSTRING).1,9));

XMVTOM14,143); WSTRtNGCVMEV VALVES'3;

F03 1:.o TO HSIS-1 DO
DRAVUAR(34,13.JVATCLVL,1413);

FOR 1:ot TO HITS-1 DO

HOVCTO(?@.451; WSTRINCVALTERNATIVII);

HMIO(30,30); WSTRING(COMCAT(IOLD '.COPY(CONCAT(LATT,l

R0VTO(34.I5); WSTRING(CONCATINV4V *,COPY(CONCATCLATT.A

END; (ft END SITU? 8)



V? SEGMENT PROCEDURE VViLOAO 0)

* ~exc 11 PROCEDURE RDV

IN ITrIRTLE;
SZITFLAG:*CO
29TvP;

IsPLA?

* VIVPOI()23181.?,57. TLLSCRttXCCOLORCVPOS3))
V1E9WOI(@27V,,.1J)8 HOVTOCUI?,43; WSTRIICSYStPPOU),

WDVtTCf1I5,21); HNUIOSRt)(CVR&Y~tCVL,?VOS3);
WSTRINC(JSTR);

aIFFAT UKTtL KtPSt,
REAW(IJEPUT, CI);

JthstO(US'DNI)@ORELNO(OorH~~)

27: lCONT:w0;

13.3%. BEGIN
VRATI C770S3:vVRAYttVL,P7OS);

DRAWBAR(162,S1,PPOS-1,VRAYIE?POS));
JFfPPOS(NSYSI THEN FFosFapostl

17 (CH*'A' THEN rOR J:wl TO NSYS 00 VK&YlJlVRYtVL,3~j
FOR 7:aI 'TO lESYS DO VRAYfLVL.JI:PVRAYICJI;

* SE1X()4ODf, JPAYELVL,O.);
c ET (NODE)
StE ElNODE ,IR YL VL. 03);
HODARRATOD1 S LVL);

12



EIITFLC~uI ( SEGMENT PROCEDURE VVLOAD ')

IND;

44 l?(POStal) THEM PPOB:mI
ILSE PP0ID: .POS-I;

71: JF(PPOS)uNSYS) THEN PPOS:uNSYS
* ELSE 1105: uPOS.1;

IND (k END CASE t

ELSE
BEGIN

ANBWER:nl 1;
ANSWZREII :aCH;
I:ulls; Y:814; 11:02;

MOtlETOCR1 Y);
VCSIAR(CH);

* - 1:o1.7;

BEGIN
INS:-' '

REP EAT
UNTIL hEYPRESS;

RE)DIINPUT,CI);
ANSCII3: CH;

J:EORD(CH);
If(HOT EOLH)
THEN
BEGIN

*THEM
BEG IN
IF(CHl 1) THEN :u ';

VCJ4AR(CH);

AHSVER:.CONC~ftANSVERANS);

END
ELSE

BEGIN
IOVETO(t-7,Y);
VCHARC *)

'3



* ..--.' . .-7 -7 - - - - .

(2 SEGMENT PROCEDIJRE 'JVLOAD 2)

NOVETO(I-7.Y);
ANSVER:uCOPY(ANSVER. I, LE'ICTH(ANSER)-I));
1:81-7

IND;
END;

END

MNIL ((ROLH)ORCLENGTH(ANSVER))mIO));
VRAYI[PPOS3 :*STRTOREAL(ANSW'ER);
If (VRAYICF1OSIOO0 THEM VRAYIEPPOS3:nIOO;
If (VRAYIEPPOS1(O) THEN VRAYICPFOS1:=O;
DRAVBAR( 113 15 ,PPOS-1,VRAYIrPPOS]);-- IF(PPOS(NSYS) THEN FPOS:oPPOS.1
END

END

UNTIL((ORD(CH)u27)ORCEZITFLAGuI));
IF(ORD(CH)a27) THEM ITOTL:=O;

PAGZICOUTPUT);
TITHODE;

* IND;
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(ft SEGMENT PROCEDURE VVLuAD 0)

PROCEDURE RDWT;

PROCEDURE RDWT
* h *USE: THIS PROCEDURE EMAULES THlE USSR TO INSERT

*WE IGHTS FOR ALL SPANS ON THE NODE IN
THE TREE STRUCTURE. OPTIONS INCLUDE INPUTTING ALL

*SPANS OR A SINGLE SPAN UNDERNEATH A SPECIFIED
R OD&.

CALLED BY: SEGMENT PROCEDURE WYLOAD (VVLOADI a
*ROUTINES CALLED: SEGMENT PROCEDURE WYLOAD (DRAWIAR,

a UNIT DASSA tNODEARRAITODISKCtROSS,
* C * STRTOREALAUSWERTOOUESTION) a

aVARIABLES:
a USED- NAZCOIMENTSIZENODELABEL(*** UNIT DASSA) a
a MODIFIED: OUESTIOX.LVL,ARAY,I,ANSWER,NODE:RATIONALE,a
* ITOTL (see UNIT DASSA)

a LRIHTJ (see PROCEDURE RDVT)

VAN
J,4NT :INTEGER;
LN : REAL;

* SEGIN

BEGIN

WRITEOUTPUT,OODOELAEWWTSNOMALZE')

GOTOZY(I4.,1)1;

VRITELN OUTPUT, INT: 4)
* END;

LR-ed.0;



(2 SEGMENT PROCEDURE WVLOAD W)

FOR I:fll TO NCROSS 0O

COTOZY(22.I*.).

IZADLN( INFVT,ANSWER);
AIAYKJ. 12 :STRTOREAL(ANSWIR);

THIN
IttiK
ITOTL:w0;
I :uNCIOSB*100
END

LR:oLR*ARAYEJ~l12

IF(11 (HCRO5S.I)OR(LRoO))
THEN
BEGIN
FOR I :at m 3ss Do

J:*LVL+I;
* - -ARATIJ.12:=ARAYEJ,13ILR;

INT-uTRUNC(I O@'ARAYfJ, 12);
* VRITZ(OUYFUTINT:O)

END;

GOTOZYCO,1#2);
OUESTION:nmARE THESE WEIGHTS OKAY? (YIN)
ANSWIRTOQUESTI101

END

- - END

UNTIL( CANSWER. V ) OR( C 4OSS.5 )OR( LR.O));

If((I(NCROSS*5)OR(LR()O))
THEN
BEGIN
VRITELN(OUTPUT.IEHTER RATIONALE FOR WEIGHTS');
VRITELN(OUTPUTI(IIAK '.NAICONIENTSIZE:3.' LETTERS)')-.

RIAOLN( INFUT,ANSWER);

WITH NODEA DO RATIONALE:.COPY(CONCAT(ANSWER,COCMENTSTRING), 1,

MAZCOIDCENTSIZE);
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t' StCHENT PROCEDURE WVLOAO 2)

J:mLVL;--I FOR I:nl TO ECROSS DO
LVL:nLVL*.1
hAAT[LVL.21 :wARAY[LVL,1];

SEKEC ODE * RAYCMV. 03)

NODEARIATTODI SK( LYL);
FUTENODE)
SND;

LVL:*J
END

SRO;' (2 END PROCEDURE ROYT 3)



(' SEGHENT PROCEVURE WVLOAD ')

PROCEDURE CALC; (' CALCULATES THE TREE )

PROCEDURE CALC VE A
USE: THIS PROCEDURE CALCULATES OR 'COLLAPSES' THE TREE 2

F. mBASED ON THE WEIGHTS AND VALUES SPECIFIED FOR EACH *

PARTICULAR NODE OR SPAN, THE PROCEDURE CALCULATES t

THE CUMULATIVE WEIGHTS FROM THE TOP Of THE TREE f
DOW. If THE PROCEDURE REACHES THE DATA NODE VALUES'

ARE ADDED TO THE TOTAL VALUE OF THE TREE.

' CALLED BY: SEGMENT PROCEDURE VYLOAD
R ROUTINES CALLED: UNIT DASSA (PRETOT.NODEARRAYTODISKNEITh'

• VARIABLES: •
a USED: IRAY,NSYSICONT (set UNIT DASSA)

' MODIFIED: ARAYNDEEP,FLAG.VRAY.I,LoLVL •
* (see UNIT DASSA) C
'• .1 (see SEGMENT PROCEDURE WVLOAD) •

* OOUITFLAG (see PROCEDURE RDVT) B

VAR
Z:REAL;
OUITFLAG:INTEGER;

[ BEGIN

p. FLAC:.O;

ARAY[0,1]:ul;
ARAYC 0. 23l1
ARAY ,13 :'I;
ARAYCI,2):n;

PRETOT;

PACEOUTPUT); WRITE(OUTPUT,'CALCULATING TREE.');
NDEEP:m0;

REPEAT
BEGIN
IF(ICONT)0)
THEN
BEGIN

ARATCLVL,23:.-ARAYCLVL-1,22tARAYCLVL,1t;

IV(LVL)NDEEP) THEN NDEEP:aLVL;

IF(CRAYCLVL,22)0)
THEN

BEGIN
FOR I:-l TO NSYS DO VRAYKLVL,';I:uO;

K .- .. ~. -. . . .. .- .--- -



(t SEGMENT PROCEDURE VLOAD $I

NEXT

~END

ELSE
NEc iN
FOR K:wl TO NSYS DO
RXIX
Z: mVRA!CLVL,%3'ARATCLVL,23;
FOR L:ml TO (LVL-1) DO VRATCL,K):wVRAYCL.Kl.Z

SEEK(NODEIRAYCLV,01);
NODIARRATTODISIM LL);
PUT(NODE);
L:nLVL;

OUITVLkC:oI;
REPEAT

IF(IRATELVL,23)0)
THEN
BEGIN
LVL:&L;
NEXT;
OVITFLAC: .0

ELSE
BRGIN
LVL:uLVL-1;
IF(ARATCMV,21O9) THEN FOR I:oI TO NSYS DO

VRAY(LVLII2 :.VRAYKLVL,13IARAYCLVL.21;
5SK(NODE. !RAYELVL.0O);
NODE ARRAYTOD ISX(CLVL);
PUT(NODE);
If(LVL(st)
THEN

-I BEGIN
LVL: uL;
NEXT;
OUITfLAC: .0

END
END

UNTIL(QUITFLAG=0)
END

END;
VRITECOUTPUT'.')

VNT tL I COU014r
* - END; SEND PROCEDURE CALC '



It

(t SEGMENT PROCEDURE VVLOAD ')

PROCEDURE VVLOADI;

0* a

. PROCEDURE VYLOADI a
" USE: THIS PROCEDURE IS EXECUTED IF LOADING THE WEIGHTS •
* OR VALUES FOR SPANS OR NODES ARE REQUIRED.

-+ • IF ALL NODES ARE TO BE ASSIGNED WEIGHTS OR VALUES '
a THE PROCEDURE STARTS FROM THE TOP OF THE TREE AND •

- USING PROCEDURE NEXT (UNIT DASSA) FINDS ALL THE a

a DATA NODES (FOR VALUES) OR NON-DATA NODES (FOR
"" WEIGHTS).
"a/ t It.A SELECTED NODE IS DESIRED, PROCEDURE PRENI •
B" (UNIT DASSA) IS EXERCISED. a
. CALLED BY: SEGMENT PROCEDURE WVLOAD 3
a ROUTINES CALLED: UNIT DASSA (PRETOTPRENEXNEIT) a
S SEGHENT PROCEDURE WVLOAD (RDVRDVT)

• VARIABLES: •

a USED: ICONT.IRATITOTL (see UNIT DASSA)
S OPT (so# SEGMENT PROCEDURE WVLOAD)
-. MODIFIED: CH (see UNIT DASSA) a
a' CHI.LABELI (sea SEGMENT PROCEDURE WVLOAD) a

BEGIN
REPEAT
BEGIN
If(OPTu'V) THEN LABELI:m'VEIGHTS °

ELSE LADELI:n'VALUES';
PAGE(OUTPUT);
VRITE(OUTPUTLAIELI.': A(LL S(ELECT ');
1-RZPEAT

*" UNTIL KEVPRESS;
READ(INPUT,CHI)

END
UNTIL((CHIw'S')OR(CHlw'A'));

VRITELN(OTPUT);
REPEAT
BEGIN
PRETOT;
IF(CHIn'S') THEN PRENEX;

IF( ICONTuO)
THEM
BEGIN
VRITELN(OUTPUT,'NRN ENTERED IS INVALID');

VRITELN(OUTPUT,'(ANT KEY) CONTINUE');

too

r.-' " -'' +, .., .' ,



(A SEGMENT PROCEDURE VYLOAD 9)

REPEIAT UNTIL KCYPRSSB;
ARADE INPUT. CI)

UNTIL4ICONT0O);

REPEAT

IV((IRAt&VLVL,23a0)AD(PT.V')) THEN NDV;

IF((IRA~tLVL,22)O)AND(PTuVW)) THEM RDVT;
IV(TOTLwI) THEN MEET

VNTILe'ICONTw0)CR(ITOTLo I))

END; ' IUD WVLOADI '

101

L. *



to SEGMENT PROCEDURE VVLOAD 9)

* 3101k SEGMHENT PROCEDURE VVLOAD

REPERAT
1301k

REPEAT

FAGECOUTPUT);
VRITS(OUTPUT,*VVC: W(EIGH4T VCALUES C(ALCULATS EMIT )
RSPIAT
UNTIL KEYPRESS;
READ IINPUT.OPT);

UNILtIOPTaW *)OR(OPT&'V )OR(OPT=uC )OR(OPTa'E )).

IF(OPT=uC') THSN CALC
ELSE If(OPT0'E') THEN VLOADI

END
UNTIL(COPTs. E

RHD;
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(2 SEGMENT PROCEDURE NUN *)

SEGMENT PROCEDURE NUN;

* SEGMENT PROCEDURE mUm
2 USE: THIS SEGMENT HOUSES THE PROCEDURES WHICH ARE S
6 CALLED ON FOR OPTIONS DIS, NUN, AND REV. •
* PROCEDURES FOR OPTION DI PROVIDES FOR BOTH
a TABULAR AND GRAPHICAL OUTPUT. IN ADDITION,
t THE TABULAR OUTPUT CAN BE DIRECTED TO EITHER THE a
a CONSOLE OR THE LINE PRINTER. PROCEDURES FOR •
a OPTIONS NUN AND REV ARE COMBINED TOGETHER BECAUSE t
2 OP THEIR SIMILAR FORMATS (OPTION REV IS JUST A '
a SHORTENED VERSION Of OPTION HUM) AND CAN BE
a i DIRECTED TO EITHER THE CONSOLE OR THE PRINTER. •
• CALLED IT: PROGRAM DABS S
a ROUTINEI CALLED: SEGMENT PROCEDURE NUN (OUTDEVICE, •
S NUMERICREVIEV,DISPLAY)

UN1T DASBA (NODIN,PRETOT,PRENEX)
K"-.* - S VARIABLES: S

-". USED: CMD,IRAY,ICONT,rLAG (see UNIT DASSA) •
- MODIfIED: CHANSVER (ae. UNIT DASSA) a
.• CHI (gee SEGMENT PROCEDURE NUM •

VAR
CR1 :CHAR,
OUT:STRING;

J:INTEGER;

Pf:fILE OF CHAR;

102
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(t SEGMENT PROCEDURE NUIMI t)

PROCEDURE OUTDEVICI;

• S

' PROCEDURE OUTDEVICE o
sUS: TIS PROCEDURE IS CALLED ON BY OTHER PROCEDURES IN t

THIS SEGMENT IN ORDER TO DETERMINE WHICH DEVICE THE *
TABUAR UTPU 13TO GO ON (CONSOLE OR PRINTER)

CALLED BY: SEGMENT PROCEDURE NUN (DISPL.YO) t

ROUTINES CALLED: (none) •

VARIABLES: t
USED: P (see SECMENT PROCEDURE NUN) t

- MODIFIED: CH (se UNIT DASSA) •
a a

BEGIN

REPEAT
BEGIN

FAGE(OUTPUT);
VRITE(OUTPUT.'C(ONSOLE P(RINTER 1);
REPEAT
UNTIL MEYPRESS;

READ(INPU'T,CH)

END
UNTILI(CHw'C')OR(CH='P'));

IF(CHN'Pl)
TH N R RITE(F,'PRITER:'l
ELSE REVRITE(F,'COHSOLE:*);

END; (0 END OUTDEVICE t)

104



-' SEG IKT PROCEDURE NUN 4)

FPOCEDUlt NUMERICREVIEW;

t t

* PROCEDURE NUNERICREVIEW a
' US&: MAIN PROCEDURE THAT SUPORT OPTIONS REV AND NUN. a
* PROVIDES OUTPUT DATA, NRN AND NODE LABELS IN THE CASE Or *
* OPTION REV AND NRN, NODE LABELS, CUMULATIVE WEIGHTS,

RELATIVE WEIGHTS AND ALL ALTERNATIVE VALUES IN THE CASE •
OF OPTION NUN. REVIEWS TO THE PRINTER ASSUME AN 80

* COLUMN PORMAT WHEREAS REVIEWS TO THE CONSOLE ASSUMS AN 3

* IS COLUM0N FORMAT WHERE ONLY THE RIGHT OR LEFT HALF IS
DISPLAYED AT ANY GIVEN TINE. a

" - B THIS PROCEDURE USES ONE SUBORDINATE PROCEDURE WHICH IS
USED TO PAGE THE OUTPUT TO A NEW PAGE (OR CLEAR THE •

SSCEEN IN THE CASE OF THE CONSOLE) AND PRINT NEW HEADIN
• R,,fORUATIOH.
*CALLED BY: SEGMENT PROCEDURE NUM
* OUTINES CALLED: UNIT DASSA (INTTOSTRINC,NEIT) -

* SEGMENT PROCEDURE NH'M (NEWPG)
VARIAILES3:

a USED: NSYS.CMD.LVL,IRAYISTR.NODELAUELCONMENiTSTRINC
a ARAY.ICONTVRAY.TITLE (see UNIT DASSA)

a MODIFIED: ANSWER,! (ile UNIT DASSA)
"a FCHIJ (saa SEGMENT PROCEDURE NUM)

1%-

105

It



p' v r. ' ". - ' - -. -. -

PO(E SEGEUR PROCEDURE N7I *)

PROCEDURE NVPG;

a PROCEDURE NEVPG a

2 USE: CONSTRUCTS THE HEADER FOR A NEW PACE OF OUTPUT WHETHER C

* THE OUTPUT OCCURS ON THE CONSOLE OR THE LINE PRINTER. *
t HEADER CONSiSTS OF LABELS AND A LIST OF THE •
• ALTEtNATIVES (SYSTEMS). •
a CALLED BY: SEGMENT PROCEDURE NUN (NUMERICREVIEV) •

R ROUTINES CALLED (none) a
- VARIABLES:
a USED: 1;.L,CH.NSYS,SSTEM:SYSTEOAME (sac UNIT DASSA) a
a MODIFIED: ANSVER,I (see UNIT DASSA) a
a F (sea SEGMENT PROCEDURE NUN) a
a a

BEGIN

PAcE(F);

IF (CM. P'
THIN WRITELN(F,* R E V I E VI);

VRITELN(FTITLE);
VRITE(F.'NOE REF NUMBER LABEL REL VT CUM VT );
IF(CH°P ')

THEN WRITE(F,' 6)

ELSE WRITE(F,' LABEL *);
SEu;SYSTEtM,0);
ANSVER:u*';
FOR I:-1 TO NSTS DO
BEGIN
GET(SYSTEMS);

VITH SYTEHSA DO ANSWER:.CONCAT(ANSVERCOPY(SYSTENAME.1,S), )

END;
VRITELN(F.ANSVER);
WRITELN(F, ')

END; (A END NEVPG t)

10
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: (2 SEGME14T PROCEDURE NUN V)

B EGIN PROCEDURE NUNERICREVIEW

REPEAT

IF(CHDeIREV)
T1'EN
BEGIN
PACE(F;
Vi ITELN (F.*TI TL 1

END
ELSE
BEGIN

-1: .J+ I
END,

WHILE ((!CONTwI)AND((( J(2 3)AND(CH'C))OR((J(57)AND(CH'P')))) DO

ANSWER.=";
FOX I:uI TO LVL DO
BEG IN

INTTOSTRINGIRAYCI,11);
ANSWER:nCONCAT(ANSWERISTR,'

END;
ANSWER~.COPY CONCAT(ANSWER.NODELAUELELVL2 ,COMI ENTSTRINiG) * I.Zt);
WRITE(F,ANSWER);

IF (CHDM&NUN')
* THEN

BEGIN

- VRITE(FARAYCLVL,11:7:2,ARAYCLVL.Z1:7: 23
IF(CH*P')
THEN VWlITE(F,l

ELSE WRITE(F.NOOELABELELVLH.;

FOR I:uI TO (NSYS-I) 00
WRITE(F.VRAYELVL.11:6:2);

WRITELMCFVRAY[LVL,NSYS3 ;6:2),

107
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(SEGMEKT PROCEDURE NUM '

END
ELSE
VRITtLN(F);

NEXT

END;

IV(((J)a23)AND(CH'C))OR(J)57)ANDCH'P)))

.r. BEGIN
VRITECOIT?1T,14ANY KEY) CONTiNUE (E9C0 EXIT');
REPEAT
UNTIL ERES

NEAD( INPUT. CXI);
PACE( OUTPUT)

END;

UNTIL((OUD(CKI)uZ?)OR(ICONTs0));

IT(ORD(CR1)u27) THEN CH:uC~l;

END; C'END NUMERICREVIEW ~
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Is SEGMENT PROCEDURE NH M)

PROCEDURE DISPLAY;

PROCEDURE DISPLAY 
a

." Uq: PROCEDURE SUPPORT OPTION DIS. PROVIDES TABULAR OR •
GRAPHICAL DISPLAY UP A NODE AND ITS IMMEDIATE DESCEND- f

* ENTS. INcLUDED IN THE DISPLAY ARE RELATIVE WEIGHTS,
" CUMULATIVE WEIGHTS. AND VALUES OF THE ALTERNATIVES FOR •
S 1THE PARENT AND CHILDREN. aI aUSES TWO IMMEDIATE SUBORDINATE PROCEDURES (DISPLAYS AND •
. DISPLAY2) TO PERFORM THE TABULAR AND GRAPHICAL DISPLAY. •
S CALLED BY: SEGMENT PROCEDURE NUM a
t ROUTINES CALLED: UNIT DASSA (CROSS)
a" SEGMENT PROCEDURE NUN fDISPLAYO,DISPLAY2) a
, VARIABLES: •

USED: ICONT Ise UNIT DASSA)
•a MODIFIED: CH (see UNIT DASSA) •

S a

.. VARVAI.JK.L: INTEGR;

l

-
o

.
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(a 2EGKET PROCEDURE HUM ')

PROCEDURE DISPLATI; (2 DISPLAY 6)

-, a

2 PROCEDURE DISPLAYI a
- USE: DISPLAYS, IN TABULAR FORMAT, THE INPUTTED NODE AND ALL a
" IMMEDIATE CHILDREN OF Til2 TREE STRUCTURE. DATA PROVIDED a
a ARE THE LABELS OF THE NODES, EACH NODE'S CUMULATIVE t
2 WEIGHT. RELATIVE WEIGHT, AND VALUES OF EACH ALTERNATIVE. a

A TOTAL IS PRINTED AT THE BOTTOM OF EACH COLUMN •
a REPRESENTING THE PARENT NODE INPUTTED BY THE USER.

* CALLED BY: SEGMENT PROCEDURE NUM (DISPLAYO)
a ROUTINES CALLED: UNIT DASSA (INTTOSTRING,NUMTOSTRING) a
a VARIABLES: •

a USED: ISTR,NSYSLVL,IRAYNODELABELSYSTEM:SYSTEIIAME, a
a NCROSSARAY.VRAY.LAUELSTRING (see UNIT DASSA) a
a MODIFIED: ANSWER (set UNIT DASSA) a
3 F (see SEGMENT PROCEDURE NUN) a
*w; t IJ.KL (see PROCEDURE DISPLATI) •

a a

" - -' VAR

IoJK.L : INTEGER;

rAGE(F);
ANSWER:U.*;

FOR I:nl TO LVL DO
BEGIN
INTTOSTRING(IRAYCI,1t);
ANSWER:uCONCAT(ANSWERISTRjl 1)

END;
VRITELN(F,ANSWER);
VRITELN(F,NODELABELLVLI,' ');
A'SVER:.' FACTOR ';

FOR I:nl TO NSYS DO
BEGIN

SEEK(SYSTEMS,I-I);
GET(PYSTEMS);
VI'H SYSTEMSA DO ANSVER:uCONCAT(ANSWER,' .,COPY(SYSTEMNAME,I,5))

*---. END;

S - VRITELN(F,ANSWER);
FOR I:-l TO NCROSS DO

BEGIN
J:.LVL+.I;
AiSWER:-COPY(CONCAT(NODELABEL[JILABELSTRIHG),I,8);

IF(IRAYCJ,210O)

ti0

-°- - - "-,------ ~ t-- .t - - - - - -.



(2 SEGMENT PROCEDURS HUM '

THEN ANSWER:uCONCAT(ANSVER.'t 1)
ELSE ANSVER:aCONCAT(ANSER. 1);

FOR K:sI TO 14SY1 DO
NECGIN
KUNTOSTRING(VRAYEJJ);
ANSWER: uCONCAT(ANSWER, ISTR)

VR!TZLK( FANSWWR
END;

hNSVER:u, TOTAL
FOR I:wl TO N5YS DO

NUNTOSTRJNGCVRAYELVL, IN.
ANSWER: mCONCAT(ANSWER, ISTR)
IND;

-- VRITELN(FANSWER)'
VUITELN(F,* 1);
VRITELN(F,* FACTOR (VT) CUNUT*I;

* FOR I:w! TO NCROSS DO

BEGIN
J:mLVL+I;
*NSVER:uCOPY(CONCAT(NODELABELCJJ .LAIELSTRINCG .1,8).

* . IF(IRAYCJ.22.O)
THEN1 ANSWER -suOchT KHSVER, I
ELSE ANSWER:nCONCAT(ANSWER, *

NUMTOSTRING(ARAY(J. J);
ANSWZR:nCONCAT(ANES"ER,V(,COY(ISTR,4,3),');
NVJTOSTRING(ARAY[J.2ZN;

* . VRITELN(I.ANSWER,ISTR)

END;
N1JTOSTRING(ARATCLVL.ZN);

W RITELN(F.' TOTAL -,IBSTR)

&NO; (2 END DISPLAY! 2)



(a SEGMENT PF.OCEDURE NUN t)

PROCEDURE DISPLAY2;

2 PROCEDURE DISPLAY2 2

. USE: DRAWS THE GRAPHICAL REPRESENTATION OF OPTION DIS BY 2

. DRAWING A WIRING DIAGRAM WITH THE PARENT NODE a

INPUTTED BY THE USER AT THE TOP AND ITS CHILDREN t

B DELOW. BELOW EACH CHILD (TO THE RIGHT OF THE •
• PARENT) IS A BAR-GRAPH REPRESENTATION OF THE VALUE •
. OF EACH ALTERNATIVE (INPUTTED OR COMPUTED). a
• JUST ABOVE EACH CHILD (BELOW FOR THE PARENT) THE 2

C CUMULATIVE WEIGHT AND RELATIVE WEIGHT (THE RELATIVE 2

S WRIGHT IS IN PARENTHESES) ARE OUTPUTTED. 2

*:' THE UPPER LEFT HAND CORNER OF THE GRAPICS OUTPUT £
C • IS A LEGEND INDICATING WHICH COLOR (ORANGEVIOLET, •
a • BLUE, GREEN, AND WHITEI) REPRESENTS WHICH ALTERNATIVE *

*: • PROCEDURE HAS THREE SUBORDINATE PROCEDURES (WTS, a
a, DRAVBLK, AND SYSULK) WHICH AID IN DRAWING THE WIRING a
* DIAGRAMS.

• HAS SPECIAL FLAG, FLAG2 WHICH DETERMINES THE STYLE a
a Of VARIOUS GRAPHICAL OUTPUTS S

• FLAG2 a I DISPLAY CHILDREN DATA STYZZ a
• FLAG2 a 2 DISPLAY PARENT DATA STYLE a
• FLAG2 a 3 DISPLAY LEGEND DATA STYLE •

* CALLED BY: SEGMENT PROCEDURE HUM (DISPLAY) 2

" ROUTINES CALLED: SEGMENT PROCEDURES MUM (WTSDRAWULK, •
a SYSBLK)
• VARIABLES:
".a USED: NODELASELTENSTRINC,NCROSSIRAY,
"" LVL (see UNIT DASSA) •

MODIFIED: ANSWERCH (see UNIT DASSA) a
a'" J,.Y.FLAGZ,CONTROL (sea PROCEDURE DISPLAY2)

VAR

1,Y:INTEGER;
fLAG3,JoCONTROL:INTEGER;

a.-.
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(2 SEGHENT PROCEDURE NU M)

PROCEDURE WTS;

(, tatttttgalaa aatgtttatattttt,,.t.tttttauttttgtttgta,,gtatttat

.- . PROCEDURE V a
& USE: VRITES 3UT THE CUMULATIVE WEIGHT AND RELATIVE WEIGHT •
a (THE RELATIVE WEIGHT IN PARENTHESES) FOR ANY GIVEN t

NODE. REQUIRES AN I AND Y VALUE BE SET WHICH •
* REPRESENTS THE LOVER LEFT SCREEN COORDINATE WHERE THE •
S WRITING IS TO TAKE PLACE.

- a CALLED BY: SEGMENT PROCEDURE NUN (DISPLATE) •
• ROUTINES CALLED: UNIT DASSA (NUTOSTRING)

* VARIABLES:

USED: ARAY (so UNIT DASSA) •

* . I,1 (see PROCEDURE DISPLAYZ) S
• MODIFIED: ISTR (see UNIT DASSA) S
a •

BEGIN
NUNTOSTRING(ARAYCJ,tl);

ISTR:=COPY(ISTR,3,4);
KOVETO(I-5,Y+14);
ISTR:aCONCATV(',ISTR,')');
WSTRING(ISTR);
NUMOSTRING(ARAYEJ,23);

,STR:oCOPT(ISTR,3,4);
, " lOVtTO(1e46,Y 14);

iSTRING( ISTR,

END; (t END VTS a)

L1
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2"

'' SEGMNT POCEDURE NUN 2)

PROCEDURE nRAVBLK(EY:INTEGER);

- PROCEDURE DRAWBLK B
- USE: SUBORDINATE PROCEDURE TO DISPLAY2. DRAWS THE BLOCKS IN t
I THE WIRING DIAGRAM VERE THE LABELS OF THE NODES ARE

PLACED. SIMILAR IN FUNCTION TO PROCEDURE DRAWULK IN 0

.• SEGMENT PROCEDURE DUMMY.
USES TWO ARGUMENTS WHICH ARE THE SCREEN COORDINATES OF •

* t THE LOVER LEFT HAND CORNER Of THE BLOCKS •
* CALLED BY: SEGMENT PROCEDURE NUM (DISPLAYZ)
8 ROUTIN9S CALLED: (none)
- VARIABLES:
- USED: 1. (set PROCEDURE DRAWULK) I

. MODIFIED: (non*) f

-. *

• ""'- " EGIN
4-?

" VIEVPORT(IZ+*?5,Y,Y+13);

FILLSCREEN(GREEN);
VIEVPORT(X*1,*7?3,YI.Y.IZ);
fILLSCREEN(BLhCK);
VIEWPORT(0,279,0,1IYI)

-" END;

L.
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At SECKEINT PROCEDURE NUN 9)

PROCEDURE SYSBLKCI,Y:INTEGER);

(g eeeegatttgiegtttiisigttttebttt**elitegutttegtteaett**ietelig

' PROCEDURE SYSILK
' USE: DRAVS, IN BAR GRAPH FORMAT, THE VALUES OF THE
a ALTERNATIVES FOR A SPECIFIED CHILD NODE OF THE •

* INPUTTED NODE (SPECIFIED BY VARIABLE J).

a THE INPUT ARGUMENTS ARE THE LOCATION THE LOVER LEFT •
HAND CORNER WHERE THE FIRST BAR IS TO BE DRAWN. THE t

* PROCEDURE THEN DRAWS THE REMAINING BARS tUP TO FOUR) *

• RELATIVE TO THAT COORDINATE. #

IN ADDITION, THE PROCEDURE WRITES THE LEGEND WHICH #
CONSISTS OF COLOR BARS AND THE FIRST FOUR LETTERS OF #

E EACH ALTERNATIVE IN THE UPPER RIGHT CORNER OF THE 0

"S MONITOR SCREEN.
* CALLED BY: SECENT PROCEDURE NUM (DISPLAY2) •

* ROUTINES CALLED: (none) ,
VARIABLES: •

e USED: SYSTEMS:SYSTEMNANE,HSYSVRAY,LVL
a (see UNIT DASSA) •

• R.Y.FLAG2 (s8e PROCEDURE DISPLAY2) I

• MODIFIED: ANSWER (see UNIT DASSA) U

* J (set PROCEDURE DISPLAY2) I

• CONTROLI,YI (see PROCEDURE SYSBLK) •

*wuattaatauaaemtemtatettttsttattltttt ttnsath~t£tttttttttt t)

VAR
CONTROLI,TI:INTEGER;

BEGIN
FOR CONTROLI:mt TO NSYS DO
BEGIN

CASE FLAG? OF
I: TI:uTRUNC(VRAY[J,CONTROLI)*0.4$);
2: YI:oTRUNCCVRAY[LVL.COHTROLII'O.45);
3: Tl:-45

END; (O CASE OF FLAG? ')

CASE CONTROLI OF
1: BEGtN VIVJPORTt1,X10,Y-45,Y-45,YI); FILLSCREtNCORANCE) END;

2: BEGIN VIEPORT(X+15,,2,Y-45,Y-4SYI); FILLSCREEN(VIOLET) END;
3: BEGIN VIEWPORT(X30,I40,Y-45,Y-45.YI); FILLSCREEN(RLUE) END;

4: BEGIN VIEWPORT(X*45,I,5S,Y-45.Y-4S*Yt); TILLSCREENHGREEN) END;
5: BEGIN VIEWPORT(1,60.170,Y-45,Y-45,Yl); FILLSCREEN(WHITEIi END;
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(0 SEGHEKT PEOCEDURE NUM 9:

END; (8 END CASE t)

IF CIPLAGCI3
THEN

53134 SYSTEMS.CONTROLI-1);
G&T( SYVSTEMS)
VITR SYSTENSA DO ISTR:uSYSTEPNAME;
fOR J:wI TO 4 DO

ANSVER:oCOPY( ISTRJ, 1);

VSTRING( ANSVER)
END

IND

END



(s SEGMENT PROCEDURE mum 0)

BEGIN1 PROCEDURE DISPLAY2

BEGIN
IHITTUITLS;

NOV1TO(S3,1S3), VSTRINC((REL VT)I);
MOVETO(142.153); ISTRIGVCUM WTI);

Z:.105s Y:&176; DRAVILK(1,Y);
ANSWKR:uCOPY(CONCLT(NODILAIELCLVL3,TENSTRINC).1 .10);

-- ROVETO(107,18O); WSTRING(ANSWER);

r Olt CONTROL:m1 TO NCROSS DO

J: .LVL+CON4TROL;
ANSVER:sCOFY(CONCAT(NIODELABELCJ).TENSTRING) .1,6);

THEN ANSVER:sCONCAT(ANSWER.1''1;

CASE CONTROL Of

1:w%; T:all3; DRAWULK(I.Y);
MqOVtTO(7,115); VSTRINGCANSVER.;

* VTS;
* MOVgTO(131,17S); PE'4COLOR(GREEN);

MOV&TO(139,141); MOVETO(3?,141); IIOVETO(39.126);
PENCOLOR(I4ONE);

STS3LX(Z,1,Y);
* 'END;

2:
BEGIN
1:w105; DRAWBLX(Z.T);
MOVETOC 307,111); WSTRINGCANSWER);
VTS; MOVETO(t39,141);

PSHCOLOR(CREEN); MOVETO(139,126).
ftHCOLOR(MONE);
STSBLXCZ.Y);
%No;



3:
again
I:4205; DRAVILX(z;'T).
KOVETO(Z?,I135); VSTRING(ANSJER);
VTS; HOVgTO(13Y.141); PENCOLOR(GREEN);
MOVgTO(239,141); NOVETO(239,126);
PENCOLOR(NONE);
ITIULK(Z.Y);

4:
* BEGIN

Z:uIS; Y:a45; DRAWULX(I,Y);
NOVETO(3?,47); WSTRING(ANSWER);
VTS; KOV1TO(93,141); PENCOLOR(GREN)

HOVITO(93538); PENCOLOR(NONE);
* ITYILX1,T);

END;

5:
BEGIN
I:oI5S; DRAW81LX(I,T);
MOVITO( 17,*47); VSTRINC(ANSWER);
VTS; MOVETO(17I,141); PENCOLOR(GRVEN);
KOVITO(I9i.54); PENCOLOR(NONE);
S!SULI(I,T);
END,

IND; (t END CASE ft)
IND; (* END OF F0R LOOP *

NOVETO(ISI,185). PENCOLORcGREENi
NOVSTO(20O,II5); PENCOLOR(NONE);

VLAGZ:mZ; SYSBLKC20Z.IYI); (s FOR MODE VALUES 2)
YLA2:&3;- SYSDLX(6,191); (A FOR SYSMAMES *

* J:w4VL;I:s97;Y:wj5O;VTS;

REPEAT
UNTIL XEYPRESS;

RZADI CM);

TI ITMODE
IND; (2 END DISPLAYZ t)

its~-~



* (' SEGMENT PROCEDURE NUN !

*PROCEDURE DISPLAYO;
N

Ss PROCEDURE DISPLAY0

- * USE: DETERMINES METHOD OF OUTPUTTING THE TABULAR DISPLAY C

- m (CONSOLE AND PRINTER), DETERMINES THE CHILDREN OF '

w a THE INPUTTED NODE, AND PROCEEDS TO THE DISPLAYI a
t a ROUTINE.
2 CALLED BY: SEGMENT PROCEDURE NUN (DISPLAY) C

* ROUTINES CALLED: UNIT DASSA (CROSS) a

SEGMENT PROCEDURE NUN (OUTDEVICE, a

DISPLAYI)

VARIABLES: a

* USED: (none) a
* a MODIFIED: (none) a

OUTDEVICE;
CROSS;
DISPLAYI

(t END DISPLAYO t)

I6.
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(SECMENT PROCEDURE MUMl*

* BEGIN PROCEDURE b4'SPLAY

IF(ICONT(O)
THEN

RE FE AT

PAGCOUT'UT);
VUITr(OUTPUT,*T(ASULAR CIRAPNIC 1);
RZPEAT

UNTIL KEYFRESS;
READ(CH)

ELSE.

CROS5;

DISPLAY?;

END; (* END IF *
END; (ft DISPLAY t)
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(0 SECKENT PF.OCEDURE HUM 6)

S BEGIN SEGMENT PROCEDURE NUM

BEG IN
PRETOT;
IF(CKDw'DIS )

TNHEN

BECGIN
REPEAT

BECGIN
PA GE (OUTPUT);
VRITELN(OUTPUT,'ENTER NODE TO BE DISPLAYED..)

NODIN;

IF CICONT0O)
TH EN

IF (ItAYCLVL,21(1)
THEN BEGIN

VRITELNCOUTPUT,'NODE IS A DATA NODE AND CANNOT BE DISPLAYED*)i
VR!TELN(OUTPUT,'DEPRESS RETURN TO CONTINUE');

IEADLN( INPUT ,ANSWER);

END

ELSE ICONTuICONT
ELSE ICONT:=ICONT

END

UNTIL((ICONTaO)OR(IRAYELVL,22)zl))
END

ILSE
DECGIN

PRETOT;
REPEAT

BEGIN

PACE COUTPUT);
VRITE(OUTPUT,'A(L1 SCELECT'),
REPEAT

UNTIL KEYPRESS;
READ( INPUT,CH)

* END

0UNTIL (C.' A' )OR CCX S ),

* * IF(C1mS3

THEN BEGIN
VRITELN(OUTPUT,-

PRENEI
END;

k-



(BSEGMENT FF.OCEDURE HUM *

OVYDEVICE
END;

THEM BEGIN

FACE(OUTPUT);
VRITtLH(OUTFUTOVARNING..
VUITELM(OUTPUT,'TRZE NEEDS TO BE (RE)CALCULATEDI)

VRITELN(OUTPUT,*OUTFUT VALUES MAY 8E INCORRECT*);
VUITELN(OUTPUT);
VTZTLN(OUTPUTAVRESS ANY KEY TO CONTINUE-);

V. REPEAT

UNTIL KEYPRESS;
READ(CHI)
IND;

IF((CMDm*NUM')OR(CDuREV')) THEN NUNERICREVIEV

ELSE If (CMD*'DIS') THEN DISPLAY;

CLOSE (F)i

If ((C0'G')ANDCORD(CH)()27))
THEN BEGIN

VRITELNIOUTPUT);

VRITELN(OUTFUT.IPRESS ANY KEY TO CONTINUE*);
REPEAT
UNTIL KEYPRESS;

RLAD(CM)
END;,I END; (3END SEGMENT NUM '
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(I SEGMENT PROCEDURE SENSITIVITY '

SEGMENT PROCEDURE SENSITIVITY;

SEGMENT PROCEDURE SENSITIVITY

I SEGMENT PROCEDURE SENSITIVITY t .

' USE: THIS SEGMENT CONTROLS ALL THE SENSITIVITY ANALYSIS THAT '

a IS IN THE DASS PROGRAM. THE SEGMENT PROVIDES FOR

SENSITIVITY ON CUMULATIVE WEIGHTS (EFFECTS TO THE

TREE STRUCTURE), RELATIVE WEIGHTS (EFFECTS ON A GIVEN '

3 SPAN AGAINST THE OVERALL TREE STRUCTURE, AND VALUE OF '

A SPECIFIC ALTERNATIVE ON A SPECIFIC DATA NODE. THE

. tSEGMENT PROVIDES GRAPHICAL OUTPUT ON THE MONITOR ONLY; '

-"HOWEVER, THE SEGMENT PROVIDES TABULAR (NUMBERS) OUTPUT •

TO EITHER THE CONSOLE OR THE LINE PRINTER. THE
I t SEGMENT ALSO HAS THE CAPABILITY TO PRESENT THE GRAPHICAL '

. •OUTPUT IN TWO FORMS. THE FIRST FORM GIVES THE RANGE OF '

I- tTHE VALUES OF THE ALTERNATIVES AT THE NODE IN QUESTION •
FROM 0-100, WHILE THE SECOND GIVES THE RANGE OF VALUES t

_ ~~~LOF THE ALTERNATIVES AS THE NEAREST 20 FROM THE LOWEST
AN HIGHEST VALUES OVER THE SENSITIVITY RANGE UNDER

CONSIDERATION.

t CALLED BY: PROGRAM DASS•
2 ROUTIN ES CALLED: SEGMENT PROCEDURE SENSITIVITY (WARNING,

DETERMINENODE,CALCARRAYTABDISPLAY,

SV[LSGRAPH) a

SDFUSED: FLAG (see UNIT DASSA) •

S UODIFIED: CH (set UNIT DASSA) •

a CHI,SENS (se SEGMENT PROCEDURE SENSITIVITY)

VAR

DELTA.,W,WMIN,WMAI,WMAI1,WDELTA,MINMAI,X:REAL;

SYSNU?7,INDI,I,J,X,L:INTEGER;
VHOLD: ARRAY C0..10,0..MAISYSTEMS] OF REAL;
SYSNLHE,SENS:STRING;

CHI:CHARi
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(t SEGMENT PROCEDUF. SENSITIVITY 0)

PROCEDURE ANYXEy;

* PROCEDURE ANTEY *

USE U1: SJPLY VRITES OUT A MESSAGE TO DEPRESS ANY rEY a
* TO CONTINUE PROCESSING. IS CALLED THOUCHOUT THIS *

.''S SECENT. 0

" CALLED BY: SEGKENT FROCEOURE SENSITIVITY (StVALUt,
-* DETERMINEHODENARNING)

t ROUTINES CALLED: (none) 3

' VARIABLES a
-* USED: (none) .
S• miouIfsEB: CH (see UNIT DASSA) S

J$lGIN

VRITI(O ?PUT,l(AWY tlt) CONTINUE');
REPEAT

V, -UNTIL KEYPRESS;
READ(INPUTCH)

END;

1£24



(3 SEGMENT PROCEDUPE SENSITIVITY *)

PROCEDURE WARNING;

a PROCEDURE WARNING •

* USE: PRODUCES MESSAGE IF VALUES, WEIGHTS, OR a
" ALTERNATIVES HAVE BEEN ADDED/DELETED TO THE TREE '

• STRUCTURE AND THE TREE HAS NOT BEEN RECALCULATED ,
a SINCE. •

• CALLED BY: SEGMENT PROCEDURE SENSITIVITY a
- ROUTINES CALLED: SEGMENT PROCEDURE SENSITIVITY (ANYKEY) •
* VARIABLES: t

"• USED: (none) •

"."*- fODIFIED: (none)' .
atasiauattttattttattattat~tttatttattttttattittatttttttt *)

BEGIN
VRITELM(OUTPUT,'WARNING . . .

WRITELN(OUTPUT,'TREE NEEDS TO BE (RE)CALCULATED');

WRITELN(OUTPUT,'REPORTED VALUES MAY BE INCORRECT!');
VRITELN(OUTPUT);

ANYKEY

END;

125
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(O SEGMENT PROCEDUE SENSITIVITY W)

PROC;DURI DETERMINENODE;

2 PROCEDURE DETERMINENODE 
9 USI: SOLICITS INFORMATION FROM THE USER CONCERNING VHAT S
" NODE THE SENSITIVITY ANALYSIS IS TO TAKE FLAE. a
- THE PROCEDURE CONTAINS SAFEGUARDS THAT PREVENT 9
a SENSITIVITY ANALYSIS BEING CONDUCTED ON NON-EXISTENT 2
SNODES AND NON-DATA NODES WHEN VALUE SENSITIVITY IS a

* TO TAKE PLACE. sN IN ADDITION, SOLICITS INFORMATION CONCERNING THE a
. MAZINUM AND MINIMUM LIMITS THAT THE SENSITIVITY 9
a ANALYSIS IS TO BE CONDUCTED a
. THIS PROCEDURE HAS ONE SUBORDINATE PROCEDURE THAT '

- -" SOLICITS INFORMATION WHEN VALUE SENSITIVITY IS TO •
2 2E CONDUCTED.
. CALLED BY: SEGMENT PROCEDURE SENSITIVITY a

• ROUTINES CALLED: UNIT DASSA (PRENEICROSS,STRTOREAL) S

S SEGMENT PROCEDURE SENSITIVITY (SENVALUE, B
-, ANYKETY)
. VARIABLES
• USED: IRAY+ARAYNODELABEL (see UNIT DASSA) •
. SENS (see SEGMENT PROCEDURE SENSITIVITY)

S HODITIED: LVL,ICONT,ANSWER (see UNIT DASSA) •
SINDKI,HARWMIN,WAXI (see SEGMENT a
S PROCEDURE SENSITIVITY)

IX
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(SEGMENT PROCEDURE SENSITIVITY '

PROCEDURE SENVALUE;

2PROCEDURE SENVALUE -

x USE: SUBORDINATE PROCEDURE TO DETERMI?4ENODE. THIS PROCEDURE
U DISPLAYS ALTERNATIVES (SYSTEMS) WHICH ARE AVAILABLE
U FOR VALUE SENSITIVITY ANALYSIS. IN ADDITION, THE

PROCEDURE READS IN THE USER'S CHOICE AND DETERMINES If

I IF THE INPUT VALUE IS INDEED AN EXISTING ALTERNATIVE
(SYSTEM). AFTER A CORRECT ENTRY IS MADE, THE PROCEDURE

DISIPLKYS THE CURRENT VALUE OF THE ALTERNATIVE (SYSTEM)
AT THE PARTICULAR DATA NODE.

'CALLED BY: SEGMENT PROCEDURE SENSITIVITY (DETERMINENODE)

UROUTINES CALLED: SEGMENT PROCEDURE SENSITIVITY (ANYKEY)
VARIABLES:a

US*ED: SYSTEMS:SYSTEMNAME, NSYS, TENSTRING, VRAY, LVL,
MARLADELSIZE (see UNIT DASSA)

I MODIFIED: ANSWER (set UNIT DASSA) t

a SYSNUM,SYSNAME.I (Ste SEGMENT PROCEDURE

SENSITIVITY)a

BEGIN

REPEAT
BEGIN

WRITFTM OUTPVT);
WRITELM(OUTPUT, 'SYSTEMS AVAILABLE');

FOR I:x1 TO NSYS DO
BEGIN
SEEK(SYSTEMS, I-I);

SET(CSY ST EMS )
WITH SYSTEMSA DO WRITELN(OUTPVT,' '.SYSTEMNAME)

END;'
WRITELM(OUTPUT);
WRITELM(OUTPUT,'ENTER SYSTEM Of WHICH VALUE IS');
WRITELM(OUTPUT,'TO BE PRETURHED.

READL.N(INPUT,ANSWER);
A:.iL?>:OPY(CONCAT(ANSWER.TENSTRING),I,MAILA3ELSIZE);
BS im: -0a
FOR 4:a4 TO USYS DO

SEiEX(SYSTEMS,1-I);
CET(SYSTEMS);

* . ~ V VI SYSTEMSA DO

ti(A?4SWER=SYSTEMNAME) THEN SYSNUM: ml;

r
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1B SEGMENT PROCEDU.! SENSITIVITY 0)

END;
SIsNANI uAmSVEI;

IF (SYSNU116O)

THIN
BEGIN
VRITELN(OUTPUT.'STSTEN ENTERED NOT VALID');
ANTEYE;
VAGZ(OUTPUT)

END;
END

UINTIL(SYSNUM0O);
VRITELN(OUTPUT.'CURRENT NODE VALUE 1S ',VRAYCLVL,SYSNUM]:5:2);

- . END; (BEND SENVALUE B



CSEGMENT PROCEDUKFE SENSITIVITY ')

* BEGIN PROCEDURE DETERIIINENODE

IlEGIN
PAGE(COUTPUT);
WRITELN(OUTPUT,'SENSITIVITY ANALYSIS FOLLOWS:');
L/RTTELN(OUTPIJT,-NRN FOR WHICH ',SENS,' IS');

tIRITELNC OUTPUT, 'TO BE PRETURDED');

PRENEX;

IF(ICONT=O)

THEN
VRITELN(OUTPUT,'NODE DOES NOT EXIST...')

ELSE
IF(UCOPY(SENS,1, 1 ).V )AND(IRAYCLVL,2100O))

THEN

BEGIN
WRITELNCOUTPUTI'NODE NOT DATA NODE..');
ICONT: uS

END;

If (ICONTw0) THEN ANYKEY;

CHO

UNTIL( ICONT*I);

YOIR I:aI TO LVL DO WRITI(OUTPUT,IRAYCI.I3,' ');
YilTRL(OUTPU',NODELABEL:LVL3);

IF(COPT(BlNS,I,I)w'C')
THEN
WRITELN(OUTFUT,'CURRENT NODE CUKWT IS',ARAYCLVL,2I:5:Z)

ELSX

If(COPYC SINS, 1,1) ' V)
4 THEN SINVALUE

%9llTELK(OUTPUT,'CURRENTf NODE RELWr IS',ARAYCLVL,I7:5:2);

IMOZ:aIRAYCLVL,13; LVL:uLVL-1;



(SEGMENT PROCSDUI:t SENSITIVITY *

CROSS
END;

IrcSIKI.'V&LUE'$ THEN WMAX:v1OO

ILSE WMAX:wI;
REPEAT

W RITZ(OUTPUT.'NINIMUM .SENS,. (0 - .WMAI:5:I,1) 1S P 1);
RlADLN INPUTAKSvtR);
WHIX: uSTRTOREAI.(ANSWER)

END
VNTIL((WXIN)u0)AND(((VIN(u.@AND(SENSO)VALVE'))OR

6 ~(IWHIN(alIO.0)AND(SENSsnVALVE ))));

REPEAT
BEGIN
VRITh(OUTPUTDKMAZIMUH SNV.XN5I 15KA::' 1S 1);
READLN( IPIUT,&NSWR);
VMIt:uSTRTOREAL(ANSWulR)
END

UNTIL((WNAII)mWNIN)AND(((WNAII(aI.0)AND(5ENS()'VALUE'))OR
((WVIIZI(..)AND(SENS.'VALJE')I));

INIDi tv END PROCEDVRE DETERNZNENODE '



Is SEGMENT PROCEDURE SENSITIVITY 'I

PROCEDURE CALCARRAY;

* a

P PROCEDURE CALCARRAY a,
* USE: THIS PROCEDURE CALCULATES THE SENSITIVITY ANALYSIS VALUES 
""- FOR ALL OPTIONS CURRENTLY IN DABS. PLACES THE ANALYSIS *

"-"- C VALUES IN THE V!OLD ARRAY TO FACILITATE DISPLAY IN EITHER '

* THE GRAPHICAL OR TABULAR MODE. THE VARIABLE CONTROL
*-'-. • DETERMINES THE SENSITIVITY WHICH IS TO BE ACCOMPLISHED t

i~ t BASED ON USER INPUT. .p CONTROL a t . . CUMULATIVE SENSITIVITY
,' , CONTROL a I VALUE SENSITIVITY C
, CONTROL a 3 . . . RELATIVE SENSITIVITY "
-. THE ACTUAL CALCULATIONS OF THE VALUES AS THE SENSITIVITY 0

ANALYSIS IS BEING CONDUCTED 1 DONE VIA THE CASE
.-. STATEMENT. a
t THE RELATIVE WEIGHT SENSITIVITI ANALYSIS IS CONDUCTED a
a BY VARYING THE NODE DESIRED OVER THE INPUTTED RANGE AND '

* THE OTHER SIBLINGS RECOMPUTED TO MAINTAIN RELATIVE
" . IMPORTANCE AMONG THEMSELVES AND COMPLEMENTING THE

C" SENSITIZED NODE. •

. CALLED BY: SEGMENT PROCEDURE SENSITIVITY
* ROUTINES CALLED: (none)

e VARIABLES:
• USED: NCROSSIRAY,ARAYLVL,NSYS (see UNIT DASSA) 2
-- SENS,IND1,SYSNUM (set SEGMENT PROCEDURE SENSITIVITY)%

M MODIFIED: WDELTA,WMAl,WMIN,I,Z,WHOLD.LK (see SFCMENT a
C PROCEDURE SENSITIVITY) e
' SUM,VTEMP,NEVSUMCOTROL (see PROCEDURE
,C CALCARRAY) C,It

VAR
VTEP,NEVSUM,SUM:REAL;

COTROL:INTEGER;

BEGIN

VDELTA:(WIMAl-VMIN)/10;

IF(SENSm'CUMVT') THEN COTROL:w1
ELSE .IF(SENS'VALUE') THEN CONTROL:m2

ELSE CONTROL:&3;
IF(CONTROLu3)

BEGIN

131



(I SEGMENT PROCEIDURE SENSITIVITY 2)

FOR I:uI TO KCROSS DO
IF(JNDZI)RAY(LVLI.13)U HIN SUN:USUN.ARAYCLVL*1,12

END;

FOR I:uO To 10 DO

WHOLDCI,o3:.X;
FOR K:wI TO NSYS Do
CASK CONTROL Of

t: VHOLD[I-x1 :u(VRAYELVLX]eZ).c(,I-)((VRAyCI.K2(VRAYCLVLKl
3-~~ ARAYCLVL,21) )J( IARAYCLVL,2l)));

2: If(KwSYSKUM) THEN vHLE,)BRYIK+RYLL2*IVAEV,3
tLIR VIIOLuDCK :uRA~tl,V.3

*VHOLDCI,KI:.VRAYIK].VRAYILVLK2,ARATCLVL.ZI

FOR L:.I TO NCROSS DO
IFCINDZO)L)

* 1THEN WHOLDEJ.Kl:UVHOLDC! KI*(I..)*VRALVLL1X~ARAY(LVL+LIIISUN'
ARAYELVL.2I

END

END 4' END CASES AND K '

END;
VRITELN(OUTIUT)
END;
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. SEGMENT PROCEDURE SENSITIVITY '

PROCEDURE HEADERS(I:INTEGIR);

t PROCEDURE HEADERS a

* USE: PROVIDES HEADINGS TO THE SENSITIVITY ANALYSIS WHEN a

0 TABULARIZED RESULTS ARE REOUESTED THESE HEADINGS
" STATE THE TYPE Of SENSITIVITY (INCLUDING ALTERNATIVE •
a IF VALUE SENSITIVITY IS BEING DONE) AND THE NODE a
0 REFERENCE NUMBER (NRN). a

• CALLED BY: SEGMENT PROCEDURE SENSITIVITY (TABDISPLAY, a
a GRAPH)
a ROUTINES CALLED: DASSA (INTTOSTRING) a

a VARIABLES: a
' USED: LVLISTRIRAY,NODELASEL (sea UNIT DASSA)
a SENS.INDR (so& SEGMENT PROCEDURE SENSITIVITY) a

" -- a MODIFIED: ANSWER (sea UNIT DASSA) a
a I (set SEGMENT PROCEDURE SENSITIVITY)

BEGIN
ANSWER:-'';

CASE I OF

I: BEGIN
IF(SENSm'VALUE*) THEN ANSWER:=CONCAT(I (',SYSNAME,')l);
ANSWER:=CONCAT(SENS.ANSWER,* SENSITIVITY ANALYSIS');

END;

2: BEGIN
ANSVER:=CONCAT(*FOR ',NODELABELCLVL*INDXI, NRN: ');

FOR I:uI TO LVL DO

BEGIN
INTTOSTRING(IRAYCI,11);
ANSVER:=CONCAT(ANSWERISTR, )
END;

IF(INDI)O)

THEN

BEGIN
INTTOSTRING(IRAY[LVLINDI,II);
ANSVER:oCONCAT(ANSWERISTR,' )

END;

END (t END CASE *)

END; (a END PROCEDURE HEADERS 2)
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(t SEGMENT PROCEDURE SENSITIVITY "

PROCEDURE TAIDISPLAY;

(3 tetttmggatttttstttmttttatttttttttt3stttatttmtgtttttttttttttatttttt

* t

a PROCEDURE TAUDISPLAY
* USE: SOLICITS WHETHER THE SENSITIVITY ANALYSIS IS TO IE

* OUTPUTTED ON THE CONSOLE OR THE LINE PRINTER. THE
• PROCEDURE THEN PRINTS UP APPROPRIATE HEADERS AND LISTS t
a NUMERICALLY THE RESULTS OF THE SENSITIVITY WITH THE
S SENSITIVITY VALUES DOWN THE ROWS AND THE OVERALL VALUES

U FOR EACH ALTERNATIVE (SYSTEM) ACROSS THE COLUMNS.

.• AN ASTERISK (6) IS PRINTED BY THE ALTERNATIVE WHICH HAS I
I. Ti H.LOWEST VALUE IF THE ATTRIBUTE CHARACTERISTIC UNDER •
I" OPTION ATT STARTS WITH AN R. AN ASTERISK (*) IS PRI!.TED •
* • B1 THE ALTERNATIVE WHICH HAS THE HIGHEST VALUE IF THE •

'- • ATTRIBUTE CHARACTERISTIC UNDER OPTION ATT STARTS WITH •
a ANYTHING BUT AN R.

3 CALLED BY: SEGMENT PROCEDURE SENSITIVITY I
* ROUTINES CALLED: SEGMENT PROCEDURE SENSITIVITY (ANYKEY)
• VARIABLES:

• USED: LATT.NSYS,SYSTEMS:SYSTEMNAME (see UNIT DASSA) •
• SENSWHOLD (s*. SEGMENT PROCEDURE SENSITIVITY)

* MODIFIED: ANSWERCH (se UNIT DASSA) I
SX,! (see SEGMENT PROCEDURE SENSITIVITY)

• F*A,WSTAR (see PROCEDURE TABDISPLAY) •

VAR
F:FILE OF CHAR;

A:STRINC;
W:REAL;

STAR:INTEGER;

BEGIN
* REPEAT

BEGIN
" AGE(OUTPUT);

VRITE(OUTPUT.'TAULAR: C(ONSOLE P(RINTER*);
REPEAT

UNTIL KEYPRESS;
READ(INPUT.CH)

• END
UNTIL((CHm'C*)OR(CHu'P ));

If(CHu'P*)

THEN REWRITE(F,.PRINTER:')
ELSE REWRITE(F,'CONSOLE:');
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(2 SEGMENT PROCEDURE SENSITIVITY 9)

A:nCOPY(LATT.I .1);

lA0E(F);
HEADISIl); WR!TELNCF,ANSWER);

* KHEADERS(2); WRITILN(FANSWER);

- - ANSWIR:nCOHCAT(SENS.*:*)
FOR I:w1 TO NSYS DO
BEGIN

SERE(STSTtNS. I-I);
CET(SYSTEKS);
VITH SYSTSNSA DO ANSWER:uCONCAT(ANSWERCOPY(SYSTtHNRE6,I~.)

IND;
VRITELN(FANSWER);
WRITELN(F);

FOR 1:=§ TO 10 Do
29I?,

IF(A-I)THEN W:s1000
ELSE W:m0;

STAR: .0
FOR X:uI TO NSYS DO

[FMC(WHOLDC I, 3) VAND(A() R-I IOR
((VHOLDCI,K1(W)ANDCA*mR )))

THEN BEGIN STAR:*X; W:sWHOLDkI,KJ END;

WRITE(F.WHOLD(I,02:4:2, 1);
FOR K:ol TO NSYS DO

Ir(K =STAR)
THEN WRITE(F,WIIOLDtI,KJ:6:1,**')

* ELSE WRITE(F,VI4OLDEI.X3:&:1.6 6);

VRITELNC F;

END;

IF (CHin 6 6

THEM

BEGIN
WRITELN(f);
ANTKE V

END;

C L 011 F)
tuo
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(f SEGMENT PROCEDURE SENSITIVITY "

PROCEDURE QRAPH;

~(0 a*tttt~tataaatttsmsffsausumaaagaesgeasataeottgatetaeaateu

PROCEDURE GRAPH
* USE: DISPLAYS THE SENSITIVITY ANALYSIS IN GRAPHICS HODE 0

* S ON THE MONITOR. DRAWS THE SENSITIVITY ANALYSIS *
IN A GRAPHICAL FORMAT EACH ALTERNATIVE (SYSTEM) •

" t HAVING A DISTINCTIVE COLOR: /

ALTERNATIVE I ORANGE
t ALTERNATIVE 2 VIOLET S

• ALTERNATIVE 3 BLUE s
* ALTERNATIVE 4 GREEN 3

• ALTERNATIVE 5 WHITEI 
I . PROCEDURE USES ONE SUBORDINATE PROCEDURE •
* (CRAPHHEADER) WHICH LABELS THE I-AXIS OF THE GRAPH

_ -- 6 CALLED BY: SEGMENT PROCEDURE SENSITIVITY U

R IOUTINES CALLED: UNIT DASSA INUITOSTRINC) 3

• SEGMENT PROCEDURE SENSITIVITY

* (CRAPHHEADER)

• VARIABLES:
* USED: NSYS.SYSTEM:SYSTEtNAME (so& UNIT DASSA)

* MODIFIED: CH (so# UNIT DASSA) 3

•,J (see SEGMENT PROCEDURE SENSITIVITY) •
• COLOR,KII,JI (see PROCEDURE GRAPH)

VAA

K. II,JI:IHTEGER;
COLOR: ARRAY CI..53 OF SCREENCOLOR;

tISA
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i- SEGMENT PROCEDURE SENSITIVITY 2)

PROCEDURE GRAPHHEADER;

(t gIgg,*tgtgt*gti*tg3ttg0000ttt*ttSttttt33l0tttI0t3Stlt3tttt

PROCEDURE GRAPHHEADER •

USE: SUBORDINATE PROCEDURE TO PROCEDURE GRAPH. THIS B

PROCEDURE PRINTS THE VALUES OF THE LINES OF THE

GRAPH WHICH IS OUTPUTTED IN THE GRAPHICS MODE. U

i • PROCEDURE WRITES OUT THE VALUES OF THE X-AXIS. •

• CALLED BY: SEGMENT PROCEDURE SENSITIVITY (GRAPH)

ROUTINES CALLED: UNIT DASSA (NUTOSTRING) •

" VARIABLES: •

. USED: CNSYS (see UNIT DASSA) •

. WHOLD (see SEGMENT PROCEDURE SENSITIVITY) 2

* * MODIFIED: ANSWER (so# UNIT D.SSA) S

• NIN.NAZ,IKDELTA,R (see SEGMENT PROCEDURE '

* - SENSITIVITY) a

BEGIN

.IN:uI00; KAI:uO;

IF(CHuE' )
THEN
BEGIN

FOR I:u0 TO 10 DO

FOR K:ul TO NSYS DO

BEGIN

IF(MIN)WHOLDI.EK]) 'HEN MIN:mWHOLDCI,K];

SIF(MAZ(WHOLDCI,K]) THEN HAE:uWHOLD[I,KI
END
END

* ELSE
BEGIN

.MIN:m0; MAI:uI00;
END;

MIN:uTRUNC(MINJ20)*20; MAX:mTRUNC((MAX+19)/20)*20;

• ANSWER:u''; DELTA:u(HAZ-MIH)15;

FOR I:u0 TO 5 DO
BEGIN

*- I:0i; Z:uMIN+XmDELTA;
NUNTOSTRING(Z); ANSWER:oCONCAT(ANSWER,* ',COPY(ISTRI,3))

END;

PENCOLOR(NONE); MOVETO(28,108); WSTRING(ANSVER);

END; (t END GRAPHHEADER B)
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I' EGMENT PROCEDURE SENSITIVITY a

MGIN PROCEDURE GRAPH

BEGIN
COL0RCII:sORAHGZ; COLORt23:uVIOLtT;
COLORt3I:.ULUE; COLORC4I 'GREEN.
COLORESI:*WIITEI;

ME!AT

PAGE(OWYPM);
VRITE(OUTPUTIGAPHIC: N(ORMAL E(IANDED 1);
RIPE L

UNTIL KEYPRESS;
READS INPUT. CH)
END

INTIL((CN'N)OR(C)I'El));

INITTURTLZ;

t* PRINT THE COLOR BARS DEPICTING ALTERNATIVES
0 IN UPPER LEFT HAND CORNER a

fOR.I:ul TO NRYS 00

NEGIN
SEEE(STSTEJIS,I-1); GET(SYSTEHS);
CASE I or

1: BEGIN VIEWPORT(O.76,176,191); FILLSCREEHCORANGE);
MOVETO (2,179); WITH SYSTFMSA DO WSTRING(SYSTENNAME) END;

I: BEGIN VIEWPORT(0,76.21,175); FILLSCREEN(VIOLET);
MOVETO (2,164); WITH SYSTEMSA DO WSTRING(SYSTEMNANE) END;

2: BEGIN VIEVPORTC77,153,t76, 2,1); FILLSCREEN(OLUE);
MOVETO (7W7;;'ITH SYSTEMS. DO WSTRINC(SYSTEMNAHE) END;

4: 8ECIN VIEVPORT(7713,161,175); FILLSCREEN(GREEN);
MOVETO (78,164); WITH SYSTEMSA DO WSTRINC(SYSTEINAMEI END;

3. a.OIN VIEWPORTCIS4,231,176,171); FILLSCREEN(WHITEI);

MOVETO (160,179); WITH SYSTENSA DO WSTRING(SYSTEMNAME) END

END (m END CASES '
END;

VIEWPORT(O.279,*,191);

(f DRAW THE GRAPH 0
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(2 BECHENT PROCEDURE SENSITIVITY '

KOVETO(I.J);
FOR K:ul TO 3 DO
BEGIN
PSHCOLOR(WHITZ);
MOVETO(I .J.100);
KOVgTOII.40,J*100);
HOVITO(.4 0.3);
IFIKOS) THEN NOVETO(t10,J);

END;

FOR10 K:nl TO I DO
BEGIN
MOV:TO(I .3);
HOVETO(1.,20);
PKOVETO(1,200,J.20);
I7(X03) THEN MOVETOCI,200,J+40);
J:.J#40

END;

I' NUMBDER THE1 I-AZIS ')

GRAPJHEADER;

(t LADE. 7)4 GRAPH AXIS

MOVETO(1I9,120); WSTRING('VALUE*5;

FOR I:mO TO 4 DO

MOVE.TO(12,J-ItII);

WSTR!NG(COPY(SENS. 1.1,1))

-. - END;

(2 WRITE THE NUMERIC VALUES ON THE Y AXIS W)

* I :00;
REPEAT
BEG IN
KUNT'JSTRING(VHOLDC1,D2);

WETRING(ISTR);
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ft SEGMENT PRocsruRt SENSITIVITY

END
UNTIL(1)1O);

(a WRITE OUT SENSITIVITY HEADINGS t)

KEADtRS(I1) NOVETO(D.141); VSTRING(ANSWEl);
HEADIRS(2); NOVETO(0,130); VSTRING(ANSWER);

('DRAW THE LINES OR THE GRAPH t)

FOR I:aI TO USTS D0

FOR J:oI TO 10 DO
BEGIM
tI :TRUNC((W(OLDtJ,13-411)'X).70;
If (JUG)

THEM PtNCOLOR(NONE)
ELSE PENCOLOR(COLORC 13),

HOVETO(11.J1)t
JI aJI-lO.
IND

END;

REPEAT
UNTIL KEYPRESS;
READ(INPUTICH);

TE!ThnDE
END; (t END GRAPH ~
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BEGI SEGMENT PROCEDURE SENSSTIVITYTY

VR 311K EGMNT POEURESENSITIVITY *REW VAU )

REPEAT

UNTIL KEYPRESS;
READ( INPUT.CH)

IND
UNTIL((Aiu*C )OR(CHm'R IOR(CX.'V )OR(CH.lE'));

IF(CHO'E')
THIM

1F(C~uC') THEN SENS:u'CUMWT'
ELSE IF(CH*R') THEN SENS:n'RELWT*
ELSE SENS:s'VALUE';

DIERNINENODE;

CALCARRAY;

REPEAT

PAGE(OUTPUT);
VRITE(OUTPU-.SENS,.: T)AIULAR G)RAPHICAL E)X!T )
REP EAT
UNTIL KEYPRESS;

READ( IMPUT. CHI);
II(CHI'T')THEN TABDISPLAY

ELSE IF(CHIm'G') THEN GRAPH;
END

UTIL(CH1'E')

END

END; C'END SEGMENT SENSITIVITY *
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(f SECHENT PROCEDURE READSYSTENLABELS 2)

SEGMENT PROCEDURE READSYSTEMLABELSi

SEGMENT PROCEDURE SYSTEMLABELS a
. USE: THIS SEGMENT CONTROLS THE NUMBER AND LABELS OF THE
0' ALTERNATIVES USED IN THE DASS PROGRAM. FUNCTIONS •

L.- ARE ACCOMPLISHED BY THIS SEGMENT IS THE ADDITION, *
'I. DELETION, AND CREATION OF ALTERNATIVES. THERE ARE •

2 THREE SUBORDINATE PROCEDURES WHICH SUPPORT THIS •
t SEGMENT.

• CALLED BY: PROGRAM DASS a
a ROUTINES CALLED: UNIT DASSA (NODEDISKTOARRAY) a

SEGMENT PROCEDURE SYSTEMLABELS (NEW, a
* t DELSYSADDSYS)
a VARIABLES: a
. USED: NODE (sae UNIT DASSA) a
a MODIFIED: CHLVL (soa UNIT DASSA)

o-1

-14

* . - -- - - --•- - -
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(t SEGMENT PROCEDURE READSYSTEMLABELS a,

PROCEDURE NEW;

i t
t PROCEDURE NEW a
' USE: THIS PROCEDURE SOLICITS NAMES FOR ALTERNATIVES a

* C (SYSTEMS). THIS ROUTINE IS NORMALLY SELECTED WHEN '

* .- A NEW TREE IS CONSTRUCTED AND A LIST OF ALTERNATIVES I

*" t IS DESIRED TO BE ENTERED. a
a. t THIS PROCEDURE CAM BE USED ANYTIME DURING THE I

* THE COURSE OF THE PROGRAM. DATA IN THE TREE VILL a
a NOT 1, LOST IF THE NUMBER Of LABELS ENTERED ARE THE •
a SAME OF THE NUMBER OF LABELS 07 THE ALTERNATIVES a

- a (SYSTEMS) IN THE ORIGINAL STRUCTURE. IF FEWER
-' U LABELS ARE USED, ONLY THE DATA FOR THE LABELS ENTERED*

a" VILL BE ACCESSIBLE. a
• CALLED BY: SEGMENT PROCEDURE READSYSTEMLABELS t
• ROUTINES CALLED: (none) •
• VARIABLES: t

USED: LABELSTRING (oo UNIT DASSA)
0 MODIFIED: NSYS,SYSTEMS:SYSTEMNAME Ise# UNIT DASSA) a.

* - a SYSLABEL (se* PROCEDURE NEW) t

VAR

SYSLABEL : STRING;

* BGIN

* PAGE(OUTPUT);
NSYS:mI;

REPEAT

VRITE(OUTPUT,'ENTER... SYSTEM *,NSYS,* LABEL? 1);
READIN(INPUTSYSLABEL);
IF((SYSLABELo'DONE')AND(SYSLABEL)''))

THEN

BEGIN

SYSLABEL:uCOPY(CONCAT(SYSLABEL,LABELSTRING),I.,1);
SEEX(SYSTEMS,NSYS-l);
WITH SYSTEMSA DO SYSTEMNAME:*SYSLABEL;

PUT(SYSTEMS);- NSYS:uNSYS.t;

IF(NSYS)5) THEN SYSLABEL:.'';
END
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ISEGMENT PROCEDURE READSYSTEHLABELS U

ELSE
IT (NsTSsl)
THIN VRITSLN(OUTPUT,-SORRY.. .YOVU ST ENTER A.T LEAST ONE SYSTEN');

UNTIL( ((SY5LABEL.'DONE )OR(SYSLAUELm ') )AND(NSYS)I));

KSYS: uNSYS-I;
VRITELN(OUTPUT,'NUM Of SYS .WNSTS)

END; (t END REV *
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1* SEGMENT PROCEDURE READSTSTENLAUELS

PROCEDURE DELSYS;

* PROCEDURE DELSYS
a USE: DELETE$ USER SPECIFIED A'.TERNATIVt (SYSTEM) h.ND

a REMOVE$ THE LABEL AND ALL INFORMATION REGARDING THE a
2 ALTERNATIVE (SYSTEM) FROM THE TREE STRUCTURE.

I CALLED BY: SEGMENT PROCEDURE READSYSTEMLANELS
0ROUTINES CALLED: (non*)
VARIABLES:a
2 USED: TENSTRING.NIAZLAUELSIZE,NAZSYSTENSNNODZS a

(see UNIT DASSA)
a ODIfI"D: NODE :SYSTEMVALUE,SYSTEN:SYSTEMNAME,

a ISSIokNWtR,ISTR,L (not UNIT DASSA)
a STS.J (got PROCEDURE DELSYS a

SYS:ARRAY EI. .HAZSYSTEMISI OF STRING;
J: INTEGER;

BEG IN
FAG E(OUTPUT);
WRITELNCOUTPUT,'CURRENT SYSTEMS..

9EEK(SYSTEMSG);
FOR I:oI TO NSYS DO
BEGIN

* CET(SYSTEMS);

VITH SYSTIMSA DO

SYSE13:mSYSTEMNHAME;
VI ITELN( OUTPUT ,SYSTEMN.AME I
END

END;
%IITELW(OUTPUT,'ZNTER SYSTEM TO BE DELETED )

READLH( INPUTAHSVER);

t ANSWER:.COPY(CONCAT(ANSWER,TENSTRING).I .MAZLADELSIZE);
ISTR:*m;

FOR X:al TO NSYS DO

IFfSYSfC~sANSWER)

TH4EN $%GIN
ISTR:uANSWER;

END;
IF(IST~a )

THIN VRITELN(OUTPUT, *SYSTEM NOT FOUND-)
ELSE
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is SEGMENT PROCEDURE FREADSYSTEMLA3ELS

BEGIN
FOR S:uL TO IN&ISYSTEHS-1) DO
BEGIN
SI1E(SYSTEMS 1).

GET(SYSTEM5);
ShIK(STSTCMS, 1-11;
PUT(SYSTENS);
WITH STSTKI4SA DO SYSTEIAE:uNONEI;
PUT( SYSTEMS),

toR I:mI TO IONODES fl0
BEGIN
633K(NOVEI); GETINODE);
WI1TH NOVEA DO
FOR J:wL TO (NAS!STEMS-1) 0O

BEGIN
BTST3MVALUE[J3 :uSYSTENVALURJ,13;
SYSTENVALUEEJ#13:=0
END a

2331(NODE.I)i PUT(NODE)
END;

NSTS:oNSYS-1
lEND

END;



It SEGMENT PROCEDURE READSYSTEMLA3ELS 2)

PROCEDURE ADIS;

t PROCEDURE ADUSYS
* USE: ADDS AN ALTERNATIVE (SYSTEM) LABEL TO THE TREE a

0 STRUCTURE. CHECKS TO MAKE SURE THAT NO MORE THAN a
* THE MAX IMUM NUMBER 3F SYSTEMS CAN BE ADDED TO THE
* STRUCTURE AND PROVIDES A MESSAGE TO INSERT VALUES a

TGFR THE NEil ALTERNATIVE (SYSTEM).a
aCALLED BY: SEGMENT PROCEDURE RELOSYSTEIILACELSa

*ROUTINES CALLED: (none)a
VARIABLES:a
* USED: N&XSITEHtS,TEHSTRINC.MlAXLABELSIZE (aot UNIT a

a DASSA)a

a MODIFIED: NSYSFLAGANSVER.STSTEMIS:SYSTEHNAME Is**a

-- UNIT DASSA) a

VUlITELN(OUTPUT,''I
I f(NSYSwMAXSYSTEMS)
THEN VRITtLN(OUTPUT,'IIAI NUMBER OF SYSTEMS EXCEEDED')

SLSE
0ECIN

vSIS: uNSYS+1;
BEEKtSYSTEHS,NSYS-1);
PAGE(OUTPUT);
VRITELN(OUTPUT,'ADDING SYSTEM');

VRtTE(OUTPUT,'LABELl )
VITH SYSTEMS. DO

BEGIN
* IREADLN( INPUT.ANSVER);

* SYSTEMNAME:.COPY(CONCAT(ANSVER.TENSTRING) ,I ,HAZLAELSIZE)
END;

?UT( SYSTEMS);
VRITELNCOUTPUT.-USE VC FOR ENTERING VALUES AND');

WRITELN(OUTPUT, 'RECALCULATING TREE');

* FLAG:.!;
END

* END;

"7?



(SEGMENT PROCEDURE RZADSTSTEMLAIE[B '

BEGIN SEMlENT PROCEDURE READSYSTEMLADELS

BEGIN
REPEAT

101K
PAGE(OUTPUT);
VRITE(OUTPUT.'A(DD D(ELETE ME(W M(IT');

REPEAT
UNTIL KSYPRESS;

READ(CH);
IF(Cw'N) THEN NEW
ELSEI(~uD THEN DILSYS
ILSE IF(CH='A*) THEN ADOSYS;
LVL:.Ia
SEEK(NODEI );
GET(HODE);
NODED!SXTOARRAY( LYL)

END

UNTIL (C~m. I);
VRITELN(OUTPUT, 1)

END;

PA.
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. SEGMENT PROCEDURE MODPRU 9)

-IGNENT PROCEDURE MODPRU;

SEGMENT PROCEDURE MODPRU a
USE: THIS SEGMENT SUPPORTS OPTIONS MOD AND PRU (MODIFY THE TREE *

STRUCTURE AND PRUNE THE TREE STRUCTURE, RESPECTIVELY).
-a PROCEDURE MODIFY HAS NO SUBORDINATE PROCEDURES, WHEREAS

" PROCEDURE PRUNE HAS FOUR.

CALLED BY: PROGRAM DASS
ROUTINES CALLED: SEGMENT PROCEDURE MODPRU (PRUNEMODIFY) •

a VARIABLES:
.* USED: CHO (see UNIT DASSA)

_-" MODIFIED: (nose) a

Aa .

* 1

N---

II..
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It SEGMENT PROCEDURE ODPRU t)

PROCEDURE FRUITE; /

U PROCEDURE PRUNE
' USE: USED TO PERMANENTLY REMOVES NODES AND BRANCHES FROM THE 2

- TREE STRUCTURE. ACCOMPLISHES THIS TASK BY LOADING ALL t

NODE LINKING INFORMATION INTO AN ARRAY (FRAY), IDENTIFIES *
• NODE(S) TO BE ELININATED, RELINKS THE REMAINING STRUCTURE,'
_ REMOVES THE PRUNED NODES, COMPRESSES THE TREE STRUCTURE t

' SUCH THAT THE NODES PRUNED CAN NOV BE AVAILABLE FOR RE- t

* ASSIGNMENTS, AND REWRITES THE TREE STRUCTURE ON THE DATA *
• FILE. •
' CALLED BY: SEGMENT PROCEDURE MODPRU
" ROUTINES CALLED: UNIT DASSA (PRENE,NEXT.FRETOTNODEDISKTOARRAY)'

SEGMENT PROCEDURE MODPRU (WDOTRELINKCOMPRESS,2
a REWRITE) a
• VARIABLES: e

" U USED: ICI,KNODES,ICOHT,NODE:[CELLN11BER,NRNDIGIT,DOVNLINK, t
i - ' CROSSLINK,BACKLINWKMAARRAYSIZE e

!2 .AINUMEROFNODES (s. UNIT DASSA)

MODIFIED: CH.IRAY,I,LVL,NDEEPFLAG (see UNIT DASSA) 2

FRAY,PRHNIINEWNNODS.NEVLVL (see PROCEDURE PRUNE)*
• t

a30ttttttttttt~tt3ttttt3ttt*tgtt3Ott0te*'33gttttttf0g3l0ttgtt0lt I)

VAR

PRAY:ARRAY CI..,0..MANUMBEROFNODES3 OF INTEGER;

NEVLVL,NEWNNODES,KFLAGI,J,PRNUM: INTEGER;

i IS.
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S EGMENT PROCrDURE NODPRU ft)

PROCEDURE WDOT;

aPROCEDURE WDOT
SUSE: THIS PROCEDURE DRAVS A DOT AFTER VARIOUS FUNCTIONS OFr

BPRUNING TO LET THE USER KNOW THAT SOMETHING IS
aHaPPENING.

aCALLED BY: SEGMENT PROCEDURE MODPRU (PRUNE)
•ROUTINES CALLED:" (on*)

80

*VARIABLES:

%B

a UIEO: (none)
O MODIFIED: (non )

*z I

VRITE(OUTPUT,'.'
ENDE

131
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(SEGMENT PROCEDURE MODPRU ~

* . PROCEDURE IlL INK;"a° "

2 PROCEDURE RELINKa
2 USE: THIS PROCEDURE IS USE T' TO RELINK THE TREE STRUCTURE
2 AFTER DELETING THE SAANCH OF THE TREE DESIGNATED 31 THE '

* USER. THE ONLY LINKS THAT ARE RELINKED ARE THE

aD~OVNLINS, CROSSLINXS, AND THE BACKLINKS. THE NURN

-P DIGITS ARE RE-DESIGNATED IN THE MAIN BODY OF THE PRUNE '

- . PROGRAm.
CASES ADDRESSED:

1 1) PRUNING-THE DESCENDENTS ONLY OPTION 15 •
REOUESTED. THE DOWN LINK(S) OF THE NODE

-" INPUTTED ARE REMOVED.
* 2) OPTION N IS EXECUTED. THE NODE INPUTTED IS THE *

* LAST NODE ON THE SPAN.
') OPTION N IS EXECUTED. THE NODE INPUTTEI I THE *

FIRST NODE ON THE SPAN.
a 4) OPTION N IS EXECUTED. THE NODE INPUTTED I IN •
a THE MIDDLE OF THE SPAN. C

* CALLED BY: SEGMENT PROCEDURE MODPRU (PRUNE) -

# ROUTINES CALLED: (none)
- * VARvA3LES:

.,. USED: CH (see UNIT DASSA) a

PRNWIM (see PROCEDURE PRUNE) 3

*." MODIFIED: PRAY (see PROCEDURE PRUNE) 3* a

BEGIN
IF(CNu'D')

THEN PRAYt4,PRNUMI:30

ELSE
IF ((PRAtKSPRNUM]aO)AND(PRAY[3,PRNUH)I))
THEN

PRAYCS,PRAYt4,PRNUM]3'x0
ELSE

IF(PRATC2,PRXMUIII.)
THEN
BEGIN
PRAY[4,?RAYC6,PRNVJI]:aPRAYt5,PRNUVM;

PRAY[6.PRLItS,PRNUMII:uPRAYI4,PRN'I
END

ELSE
8EGIN
FRAYI6.PRAY(S.P3NU5]I:oP.RICo.FRNVM];

)2 Is:

,o° .



(11 SECGPENT VROCFDJRE MODPRU e)

BUD; (3 END RSLINE e)

13i
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( SEGMENT PROCEDURE MODPRU 9)

PROCEDURE COMPRESS;

at tatttttaataaaagatgt.tgaatttattagattttgtgtaaatgtataigtaagtggggt

' PROCEDURE COMPRESS •
* USE: THIS PROCEDURE REASSIGNS NODE NUMBERS TO THOSE NODES t

VMICH REMAIN IN THE TREE AFTER THE INPUTTED NODE AND a

DESCENDENTS ARE ZEROED. REASSIGNMENT RESULTS IN THE I
PRUNED NODES BEING FREED TO TAKE ON NEV NODE I

"• DEFINITIONS. THIS COMPRESSION IS USED TO MAKE THE

-~M OST USE OF THE LIMITED NUMBER OF NODES (CURRENTLY too):

•i * AVAILABLE IN THE PROGRAM.

E.- _- * CALLED BY: SEGMENT PROCEDURE MODPRU (PRUNE) a

* ROUTINES CALLED: (none)
VARIABLES:

USED: KNODES (see UNIT DASSA)

MODIFIED: I (see UNIT DASSA)
a F PRAY.JKFLAGI,NEWNHODES (wee PROCEDURE PRUNE)$

.BEGIN
fOR I:.l TO XNODFS DO

Izt
BEGIN

FLAW=0u;
* - VHI&E((J(wNNODES)AND(FLAGIuO)) DO

If(PRAYC2.33mO)
THEN J:oJI
ELSE

fOR X:sZ TO A DO
BEGIN

FRAYIK. :,PRAYEK..2;

PRAYIK.J2 :.O;
FLAGS ml

END

END
END;

(t RELABEL THE LINKS 9)

." i Z :u I

FLAG l:;
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* I (~ SECKENT ?ROCEDUIE MODFRU *

ASPEAT
EEC IN

lIV(FRATES,13.0) THIN FLA91:ouI
IND

FOR (A Is:I)

FOR t:sI TO NWlijIDES 0

FOR K:-4 TO & DO

If (PRAYCK.JIUFRA!12.13J
THIN FRATCKJ3:sPRA9I,3



4SEGMENT PROCIDURE NODPRU *1

PROCEDURE REWR ITE;

PROCEDURE REWRITEa
*UZI: REWRITES THE PRUNED TREE DATA BACK TO THE DISK FILE.

*CONSERVES INFORMATION THAT WAS PRESENT WITH THE NODE
aPRIOR TO PRUNING. RATIONALS ARC ALSO CONSERVED. a

*ALL NODES NOT IN THE NEW TREE STRUCTURE ARE ZSROED AS *
aIN A NEW FILE.

aCALLED SY: SEGMENT PROCEDURE MODPRU (PRUNE) a

aROUTINES CALLED: (as*)
aVARIABLES:

a USED: NNODIS.?IAISTIIS (se* UNIT DASSA)a
HODIVIED- I .NDE(CULNUWUERNRNDIGITDOWNLINK.

a CROSSLINKUACKLINX.NODETITLE,RELWEIGHT,

* CUIIVEGTSYSTEHVALUCS,RATIONALEI

(se UNIT DASSA)
I NEWNNODgSJ (sea PROCEDURE PRUNE)a

3EGIN

FOR I:uI TO NEYNNODES DO
BEG IN
SEEK(NODE,PRAVC2.I3);
GET C ODE )
WITH NODEA DO

CELLNVNSErIUw; NRNDIGIT:.PRAY[3,I1;
DOWNLINK:mPRATCI,13; CROSSLINK;wPRAY15,13; BACKLINX:mPRAY[6.13

* END;
SEEK(NODE, I);

PUTt NODE )

END;

WITH NODEA DO
BEGIN

* NODETITLE:&U'LANX
CELLNUM3ER:u@; NRNDIGIT:mO; DOVNLINX:uO;

CROSSLINX:s6; BACKIINK:wO; RELWEICHT:w..;

CUWdIGWT'sO.O;

FOR J:61 TO MAZSYSTEIS DO SYSTENVALUESLJJ:mO;

RATtONALE:m.NO COMMENT'

END;

FOR J:oNIWNNODES.I TO KNOD001 DO PUT(HODE);



$ 
(to SEGMENT POCED)URE MODRU '

U . 3ND% (EN3D RIWAITI 3
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(I SEGMENT PROCEDURE HOOVRU *

BEGI0N PROCEDURE PRUNE

PACX(OUTPUT);
VRITE(OUTPUT.'N(ODEDOVN D(OVN ONLY 3(X1?')

R&PEAT
UNTIL KEYPRESS;

RIADCINFPJT.CN)
END

UNTIL ((CM'," )OR(C~s'D')OR(C~wmS ));

THEN

FOR K:s! TO NNODtS Do

scss(NODE. I);
CET(HODS);
VITII NODSA DO

FRAYC 1.13:a!;
?RATC:,I3:CELLUfUR;
FRAYL3, 13: NRND!CIT;

FRAY[I,11:aDONLI'K;
FRACS. 13 :aCROSSLINX;

* ?RAYC4.I3:wDACKLtHK;
END

END;

* VRITELNM(OUTPVtT);

FRENEX;

17((IRAIKLVL,21*O)AND(C)ID'))
THEN
BEGIN
VRITELM(OUTPUT.'YOU CANNOT PRUNE A DATA NODE VET,");

WRITELN(0UTPVT,'A DOVN ONLY OPTION.

VRIIELMIOUTPUTPFRUME TERINATED .. ;

Is$



* (a SEGMNT PROCIDURS MODPRU a)

VuIlTELH(OUTPUT,I(ANY KEY) CONTIN4UE');
REPEAT
UNTIL XEYPRESS;

NRACINPUTICH);

BND;

I7(CK() 1)
THIN

sECIN

WRITE(OUTVUT, *PRUNING.');
PINUNI:oIRATCLVL.03;

VOOT;

IF(CUINI) THEN FAY12,VRNU1:0O;
MEZM
VOOT;
VHILE (ICONT0O) DO
BEGIN
,1ATt2,JRAYrLVL.O3 2.0;
NEXT

IND;

WDOT;

HallR ADJUSTMENT 0

THEN

BEGIN

I:oPRAYES.PRNUM);
VRILE(l()0) DO
BEGIN
PRAT[3.11:oPRAYCS, Il-1;
I sP1RAYCI, I

-END;

VDOT;

COMPRESS;



tSEGRENT PROCEDURE tIODPRU 2)

VDOT;
ugwuITS;
VoOT;

NICVLVL:o1;

I " FRITOT;

ro MPEAT

IF(LVL)NEVLVL)TNEN NEVLVL: .LYL;
NEXT
END

UNTIL(ICONToO);
MDRI?: mNEWLVL;

rOR 1:aI TO MAXARRAYSIZE DO IRAYCI.ol:.O;
LVL:ol;
SEMMtODS. I);
C CT C ODE)

MODCOISKTO&RRkY.LVL);

PLAG: ml

END; C'END OF PRUNE 2)

It



(n SEGMENT PROCIDURE MODPRU 2)

PROCIDURI MODIFY;

" • PROCEDURE MODIFY

9 USX: PROCEDURE SUPPORTS OPTION MOD. ELICITS NODE REFERENCE
' m NUMiSR FROM THE USER. IF THE MODE EXISTS, ONLY THE

0 LABEL Of THE MODE IS CHANGED. If THE MODE D09S NOT
•EXIST, A NEW BRANCH 15 CREATED TO THE MODS. It NO

SPANS EXIST TO THE INPUTTED NODS. A SINGLE NODE SPAN '

.t IS CREATED AND HAS A NRN NUMBER OF ONE ON THE LEVEL a
a'- REGARDLESS OF WHAT WAS INPUTTED (THIS IS PRIMARILY a

S TO INSURE AGAINST PROGRAM FAILURE IN SUJSEOUENT a
a - PRUNING OPERATIONS). a

2 CALLED BY: SEGMENT PROCEDURE MODPRU a
a ROUTINES CALLED: UNIT DASSA (NODEARRAYTODISK.NODIN) a

' a VARIABLES: a
a USED: NLVLSTENSTRING,ICONT (see UN!T DASSA) a

MODIFIED: IRAYLVLNDEEP,L.IFADDIFINDNNODES, a
a ANSWER,NODELABEL,ARAT,VRAY (nso UNIT DASSA) a
a IOUIT (see PROCEDURE MOCIFY) a

VAR

IOUIT:INTEGER;

BIGIN
IOUIT:AO;
REPEAT

"- - - BEGIN
NODI N;

IF(NLVLS(I)

THEN IOUIT:ut
ELSE
BEGIN
VRITE(OUTPUT,*LABEL? );
RCADLN(INPUT,ANSWER);

IF((ANSWER-'*)R(ANSVERa*DONE*))

THEN IOUIT:-I
ELSE

I. BEGIN
ANSWER: .COPYCONCAT(ANSWERTENSTRING)I,10);

IFICONT.1)
THEN

- DBEGIN

MODELABEL[LVL3:mANSVER;
SEEX(NODEIRAY[LVL,O3);
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It SEGMENT PROCEDURE MODPRU t)

MODEARRAYTODISK(LVL).
FUT(Noot)

END

ELSE
RICIN

IFIND:oIRA!CLVL,02;
IEPEAT
MEIN
NNOD9S:mIOo0S.I;
IRATELVLIFADDI:.?OEODES;
SEKCNODE.IRAYELVL.02);

MOOEARRATTODISRILVL);.
FUT4NODE);
LVL:uLVL*L;
IRATCLVL.01:nNNODES;

tF(LuO) THEN IRAY[LVL.1]:mIRAYtLVL,12,I
ELSE IIAYCLVL,11:ml;

IRAYCLVL.23:.0;

IRAYCLVL.31:w0;
IRAYCLVL.43 :aIFIND;
IRATCLVL,51 :vIFlND;
FOR 1:mI TO 2 DO hRkY[LVL,11:*O;
FOR I:uI TO NSYS DO VRAYCLVL,I3:00.0,
NODZLABELCLV':mANSVER;

BEEK(NODS,4RAYELVL,01);
a NMODEARRAYTODISX( LVL);

?UT(NODE);
IFADD:*2;
IfIND:oNNODES;
L: .2
END

UNTIL(LVL).NLVLS)
xND

END
END

UNILicIOUIT)Q);
IV(LVL)NDEEP) THEN NDEEP:*LVL;

- - NO; C2 END MODIFY R)



(S SCHENT FROCEDURE MoDpRU *

BEGIN SEGMENT PROCEDVRE MODvRU

IV(CM~u'PRV') THIN PRUNE
ELSE II(CHD.MODW) THENM MODIFY

- END;

p&AA
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(9 PROGRAM DABS *)

PROCEDURE STAT;

* PROCEDURE STAT t
* USE: PRESENTS INFORMATION ON THE CONSOLE CONCERNItlC THE a

* NUMBER OF NODES IN THE SYSTEM. THE NUMBER OF LEVELS t
* IN THE SYSTEM, AND THE NUMBER OF ALTERNATIVES IN THE t

- SYSTEM. 2

* CALLED IT: PROGRAM DAIS 2

* ROUTINES CALLED: (none) .

VARIABLES: 2

0 USED: NKODES,NDEEP,NSYS ($to UNIT DASSA) 0

' MODITIED: CH (se UNIT DASSA) a

"" $%GIN

FAGS(OUTUT);
VRITELN(OUTPVT'NUMIER OF NODES ',NNODES);
VRITELN(OUTPUT,'NUMUER OF LEVELS ',NDEEP);
VNITELN(OUTPUTs'NUBER OF SYSTEMS 'NSYS);

VRITELN(OUTPUT) ;
VRITELN(OUTPUT.'(ANY KEY) CONTINUE');
REPEAT
UNTIL KEYPRESS;

READ(CH)

END;

I

b.I

,--4 bqI-
. .. . . . . . .



BEGI PROGRAM VAASSS

N DXCI PROGRMSDAI

COMENISTINC: CONCAT(TENITRING,TENITRINCTENITRING,
TENSTRING.TENSTRINC .TENSTRING);

LAILSTR IWO: mTtNTRIN.;
ILAC:.o; MSYS:u2; NrLAG:oO; NDItP:o@;
IRA~il.33:mZ; CMD:m'31,;DUXMV;

RE PAT

PACK (OUTPUT);
jVRITVLhOUTPUT.*ATT 01I DON MOD NEW MUM Flu REV SIL 1);

VUITtLN(OUTPUT.'StN SPA STA SYS TTL VVC');
VRITS(OVTPUT.-OPTION? I
RZADLM( INPUT. CMD);
ElSE 11(CMAI) EN DUMM
ELSEuAT~ THEN MM
ELSE JV(CMD.n0D THEN MODPRU

U-ELSE IfIIK~oINEVI) THEN DUJMMY
ELSE 1f(CMDs'NUIV) THEN MUM
ELSE IF(CMD*mPRU') THEM "ODPRU
ELSE IFICM~u'REV') THEN NUM
ELSE IF(CMDo'SEL') THEN DUMMY

ELSE IF(CHD**SEN') THEN SENSITIVITY
ELSE IF(CMDuSPA') THEN DUMMY
ULSE IF(CHD'STAI) THEN STAT

ELSE IF(CMDu'9YS') THEN READSYSTEMLABELS
ELSC mFCHDw'TTL') THEN DUMMY
ILSE IF(CNDmWVC') THEN VVLOAD
END
UWTIL(CMDn'DON*);
StEK(NODE 0);

GET(HODE);
WITH KODCA DO

31MINLuTTE NOUETITLt:=LATT;

CILLNUMBER:PNNODtS; NRI(DIGIT:uNDEEP;
DOVNLINX:sNSYS; . CROSSLINK:uFLAC

END;
BEEKINODE,O); -PUTINODE);
CLOSE(NODE, LOCK); CLOSE(SYSTEMS, LOCK); 1

END. (2 END Of PROGRAM DASS '
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